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ABSTRACT 
Dredging of lower continental slope ridges off Washington 
and northern Oregon (water depths of 1000-2200 m) has recovered 
numerous pebble to boulder-sized rocks that consist of clastic 
sediments firmly cemented by microcrystalline (<5-10 pm diameter) 
carbonate.  The carbonate content of these samples ranges from 
27-82 weight percent, with nearly two-thirds of them containing 
>50 percent carbonate.  Magnesian calcite is the predominant 
cementing agent, but dolomite is common; aragonite occurs rarely. 
The framework detrital sediments of these high-carbonate 
samples are texturally diverse; silty clays, silts, silty sands 
and conglomeratic sediments are all quite common.  The carbonate 
content of these rocks was found to show a strong positive 
correlation with decreasing mean detrital grain size and a strong 
negative correlation with the sand-to-mud ratio of the framework 
grains. 
Carbonate content is limited by the porosity of the 
detrital sediment at the time of cementation.  Comparison of the 
carbonate content values to the textural parameters of the 
framework grains indicates that the host sediments were largely 
uncompacted at the time of cementation. 
The carbonate-cemented sediments are mostly turbidite 
sand/silt layers apparently deposited and cemented in Cascadia 
Basin near the base of the slope.  Some hemipelagic lutites are 
also cemented, but the majority of these remain uncemented.  These 
uncemented lutites are tectonically dewatered and compacted to form 
low-carbonate (<20 percent) mudstone which is the dominant 
lithology on the lower slope ridges. 
While it is very possible that microbiological oxidation 
of organic matter in Cascadia Basin sediments may result in 
carbonate iron production, it does not appear that this was a 
major source of carbonate in the cementation process.  Furthermore, 
no obvious mechanism exists that could affect direct precipitation 
of carbonate from undersaturated bottom waters nor is any 
mechanism known that could flush the large volume of seawater 
(required for cementation) through the slope base sediments. 
On the other hand, tectonically induced dewatering of 
accreted sediments primarily occurs at the base of the slope. 
This process effects transfer of large volumes of water through 
a relatively small area of surface sediments (a minimum of 
3 3 0.09-0.25 km of pore water is expelled per km of Cascadia 
Basin sediment).  It is suggested that this tectonic dewatering 
may contribute to carbonate cementation of clastic sediments at 
the sediment-water interface.  Carbonate solubility in pore 
waters may be raised in response to a rise in pore water pressures 
due to tectonic compression of slope base sediments.  Carbonate 
dispersed within the sediment column may be scavenged by over- 
pressured pore waters, and carried in solution to the upper 
portion of the sediment column, where pressure release may 
trigger inorganic precipitation of carbonate in near surface 
sediments.  Selective cementation of turbidite sand/silt 
layers would be favored by their relatively high permeability 
in comparison to hemipelagic lutites.  Cementation may also 
occur at depth in slightly compacted sediments, but present 
sampling is inadequate to determine this. 
INTRODUCTION 
The continental slope off Washington and northern Oregon 
(Figure 1) is part of a tectonically deformed sedimentary prism 
overlying a young subducting oceanic plate (Silver, 1972).  The 
Gorda-Juan de Fuca Plate beneath Cascadia Basin is obliquely 
underthrusting the North American Plate (Figure 2) causing basin 
sediments to be scraped off and accreted to the continental 
margin (Barnard, 1973, 1978). 
The major structural features of the lower continental 
slope are en echelon anticlinal ridges and inter-ridge basins 
observed on seismic reflection profiles (Figure 3) (Silver, 
1972; Carson, et al., 1974; Carson, 1977; Barnard, 1973, 1978). 
Carson, et al. (1974) proposed a model for ridge formation in 
which Cascadia Basin sediments are uplifted, folded and thrust 
faulted while undergoing consolidation and dewatering. 
Deformation has prograded westward such that the easternmost 
ridge is the oldest and the westernmost ridge is the youngest. 
Rock samples dredged from the western flanks and crests 
of these ridges are dominantly foliated, tectonically over- 
consolidated mudstones (Carson, 1977).  Sampled with these 
mudstones were a large number of carbonate-cemented muddy, 
sandy and even conglomeratic sediments (Carson, 1977; Barnard, 
1973, 1978).  These cemented sediments are unusual because 
Cascadia Basin sediments of equivalent age (younger than late 
Pliocene) are carbonate-poor (Duncan, 1968; Carson, 1971; Kulm, 
von Huene, et al., 1973a) as are sediments accumulating in the 
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Figure   1.     Location  map of   study area.       (From  Kulm and  Fowler,   1974a) 
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Figure 2.  The present arrangement of plates in the northeast 
Pacific and resultant motion of the Juan de Fuca Plate relative 
to a fixed North American Plate.  (From Barnard, 1973; after 
Atwater, 1970) 
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Figure 3.  Line drawings of seismic reflection profiles across the 
lower continental slope.  Vertical scale is two-way travel time. 
Shaded areas indicate inferred slump blocks.  Dashed lines 
indicate poorly defined or spatially incoherent reflecting horizons. 
Arrows indicate the position of dredge samples which are plotted in 
Figure 4.  (From Carson, 1977) 
inter-ridge basins (Kulm, von Huene, et al., 1973b; Barnard, 
1973, 1978).  Preliminary inspection indicates that the carbonate 
within the deformed slope sediments occurs as inorganically 
precipitated microcrystalline cement; not as detrital grains or 
biogenic forms. 
The occurrence of carbonate-cemented sediments in modern 
accretionary subduction complexes is, in fact, quite common.  In 
addition to samples from the western U.S. continental margin, 
carbonates have recently been dredged from the Aleutian Trench- 
Slope complex (Bruns, personal communication) and the Peru-Chile 
continental margin landard of the Nazca Plate (Kulm, personal 
communication).  All samples have been collected (by chance) in 
the course of broader studies of subduction zone complexes and 
consequently, little has been done with these anomalous rocks. 
Statement of Problem 
The purpose of this investigation is to determine or 
constrain the conditions under which the high-carbonate 
Washington-Oregon lower slope sediments were cemented as well 
as the mechanism of cementation by providing a detailed 
mineralogical, textural and petrographic description of these 
rocks.  These deposits are compared to low-carbonate samples 
from the same locality to determine why the former have been 
cemented and the latter have not.  Furthermore, the high- 
carbonate samples are compared to carbonate-cemented clastic 
sediments from other accretionary subduction complexes to 
determine if they have similar characteristics and possibly a 
similar mechanism of cementation. 
Deep-Water Carbonate Occurrences 
The Washington-Oregon slope carbonate-cemented sediments 
were dredged from depths of 1400 to 1900 meters, depths at which 
inorganic carbonate precipitation and/or cementation is normally 
limited to restricted sedimentary environments (Milliman, 1975). 
Semi-enclosed, high salinity basins such as the eastern 
Mediterranean and Red Seas have been sites of inorganic 
carbonate precipitation and limestone formation (Milliman, Ross 
and Ku, 1969; Milliman and Muller, 1973).  The northeastern 
(J 
Pacific, however, lacks the temperature, salinity and circula- 
tion conditions necessary for this type of limestone formation 
and is, in fact, typified by shallower carbonate saturation 
and compensation depths than even other open ocean basins 
(Milliman, 1974). 
The limestone crusts recovered from within deep sea 
calcareous oozes (Fischer and Garrison, 1967; some hardgrounds 
of Bathurst, 1971) are equally unrelated to the Washington- 
Oregon slope environment, which is dominated by detrital 
deposition. 
Milliman (1975) also discusses a type of deep sea limestone 
associated with areas  of terrigenous nondeposition.  Typical 
of this type of area are mid-ocean ridges, the tops of guyots 
and seamounts, and some continental slopes.  Since consolidated 
9 
mudstone crops out on Washington-Oregon slope ridges, it follows 
that these are presently areas of terrigenous nondeposition and 
could be sites of limestone deposition related to those Milliman 
(1975) cites.  However, the limestones Milliman refers to contain 
framework grains dominated by calcareous skeletal particles 
while the samples reported here are nearly barren of biogenic 
allochems; the sediment framework (off Washington-Oregon) consists 
of non-carbonate detrital grains. 
Another type of deep sea limestone is that produced by 
hemipelagic and/or debris flow deposition of shallow water 
carbonate sediments into deep water basins or troughs (Milliman, 
1974).  Numerous examples of these limestones have been reported 
from the stratigraphic record on several continents, ranging 
in age from Cambrian to Tertiary (Scholle, 1971a; 1971b; Cook and 
Taylor, 1977; Hopkins, 1977, Hubert, et al., 1977; Mcllreath, 
1977; Reinhardt, 1977; Sagri, 1979).  Modern analogs of deep 
water carbonate turbidites are found in the deposits of Columbus 
Bay and Exuma Sound, Bahamas (Bornhold and Pilkey, 1971; Crevello 
and Schlager, 1980).  These extrabasinal deep sea limestones are 
characterized by the presence of shallow water allochems and, of 
course, a nearby carbonate reef or platform source.  As noted 
above, the Washington-Oregon slope samples lack the distinguishing 
carbonate framework constituents, and there is no record of the 
necessary source area in the continental margin stratigraphy 
during the Cenozoic (Kulm and Fowler, 1974b). 
10 
Diagenetic marine carbonate cementation involving methane- 
derived carbon has been hypothesized (Russell, et al., 1967; 
Hathaway and Degens, 1969).  The evidence for this is <5C  °/00 PDB 
values ranging from -30 to -60 per mil for aragonite and high- 
magnesian calcite cements, values that effectively eliminate other 
carbon sources (see Figure 2 of Hathaway and Degens, 1969).  Most 
reports of methane-derived carbonates (Russell, et al., 1967; 
Hathaway and Degens, 1969; Allen, et al., 1969; Jorgensen, 1976; 
1979) are shelf or sheld-edge occurrences of Quaternary to 
Holocene age.  The methane sources are postulated to be either 
organic matter deposited during glacially lowered stands of sea 
level or possibly underlying hydrocarbon deposits. 
Organic carbon contents of sediments cored at DSDP Site 174 
on Astoria Fan and at Site 175 in an Oregon lower continental 
slope basin directly landward of Site 174 nowhere exceed 1.2 
percent (Bode, 1973).   Near-surface sediments cored in Cascadia 
Basin by Duncan (1968) and Carson (1971) are also low in organic 
carbon (2.98 percent maximum, with most samples below 1.00 percent). 
The low organic carbon content of Cascadia Basin and adjoining 
lower slope sediments does not eliminate the possibility of 
methane-derived carbon carbonate cementation, but certainly limits 
the amount of carbonate that could be generated by this mechanism 
compared to the buried marsh or hydrocarbon deposits envisioned 
by Allen, et al. (1969) or Russell, et al. (1967), respectively, 
as precursors to this process. 
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Forty beds rich in diagenetic carbonate cement cored during 
DSDP Leg 19 in the Bearing Sea and on the Aleutian trench-slope 
have been studied by Hein, et al. (1979) who propose a combined 
organic-inorganic process of carbonate genesis.  The authors 
suggest that carbon was derived from organic matter under 
anaerobic conditions during bacterial reduction of sulphate 
and/or from carbon dioxide produced along with methane during 
2+    2+    2+    2 + x 
organic matter decay.  Associated cations (Ca  , Mg  , Fe  , Mn  ) 
are postulated to have been derived from alteration of andesitic 
ash beds in or near the carbonate-cemented beds.  As with the 
shallow-water methane-derived carbonate examples discussed above, 
the Leg 19 carbonate cement contained isotopically light carbon, 
-7.16 to -21.09°/00 PDB, indicating perhaps a mixture of carbon 
sources, not exclusively methane-derived carbon (Hein, et al., 
1979). 
The framework sediments of the Leg 19 carbonate-cemented 
beds consist of diatomaceous ooze, ash and bentonite beds, and 
less commonly, clastic sediments (Hein, et al., 1979) and, 
therefore, at least partially resemble the Washington-Oregon 
slope carbonates which have exclusively clastic framework 
sediments.  A major difference though, is that Hein, et al. (1979) 
suggest that the Leg 19 samples were cemented at depths (mostly) 
in the range of 400-1100 meters at temperatures of 7-85 C.  There 
is no evidence to suggest that the Washington-Oregon slope samples 
were ever buried to such depths and later exhumed to the ridgetop 
12 
positions at which they were sampled (Carson, et al., 1974; 
Carson, 1977; Barnard, 1978). 
The idea that microbiological activity can result in 
carbonate precipitation in marine environments that are generally 
undersaturated with respect to carbonate has been investigated as 
a possible explanation for the origin of carbonate-cemented con- 
cretions commonly found in ancient marine shales (Berner, 1968, 
1971; Raiswell, 1976; Hudson, 1978).  Berner (1968) demonstrated 
that decomposition of organic matter in seawater under anaerobic 
conditions causes a large increase in the concentrations of 
dissolved bicarbonate, carbonate and ammonia ions.  This is 
accompanied by a rise in pH and precipitation, not of calcite, 
but of calcium soaps which can readily convert to calcite.  Berner 
(1968) hypothesized that some ancient carbonate concretions could 
have originally formed as concentrations of calcium sopas 
(adipocere) during a stage of rapid organic decomposition. 
The type of concretion that Berner (1968) proposed to 
explain by anaerobic organic decay are those containing megafossils 
with a large amount of soft tissue such as the fish-bearing con- 
cretions described by Weeks (1953).  There have been, however, a 
large number of ancient occurrences of carbonate concretions that 
have no apparent nucleus and, thus, the conditions which Berner 
(1969) described cannot account for their formation.  Bacterial 
sulphate reduction has been proposed as a carbonate precipitating 
mechanism contributing to the formation of the concretions that 
13 
lack nuclei (Raiswell, 1976; Hudson, 1978).  Raiswell (1976) presents 
the following summarizing model: 
Prior to concretionary growth, the microbiological 
population of the sediment was heterogeneously 
distributed; some species being concentrated at 
isolated centres.  Dispersed microorganism activity 
throughout the whole sediment degraded organic 
matter to produce a dissolved phase, whose concen- 
tration in the pore waters increased as the sediment 
was closed off from the overlying seawater.  A surplus 
supply of nutrients, initially dissolved organic 
matter and later also sulphate ions, diffused to the 
species lying in isolated centres and increased their 
activity.  As the isolated populations expanded, HCO _ 
and HS~ ions were produced increasingly rapidly until 
their rate of production exceeded their rate of removal 
by diffusion.  Each population then created around itself 
a microenvironment in which the increasing concentrations 
of HCO ~ and HS~ caused localized supersaturation of 
calcite and iron sulphides (Raiswell, 1976, pp. 240-241). 
The localized supersaturation of pore waters with respect to iron 
sulphide would cause rapid precipitation of iron monusulphides 
which would in turn react with elemental sulfur to form pyrite 
(Berner, 1970). 
The pyrite contents of the carbonate concretions studied 
by Raiswell (1976) and Hudson (1978) are much higher than those 
of the enclosing sedimentary rocks in each case.  These authors 
observed that the pyrite grains were all less than 20 ym in diameter, 
although aggregate grains were larger.  The combination of very fine 
grained pyrite and micritic carbonate was interpreted by these 
authors as evidence that microbiological activity had indeed 
produced the conditions necessary for precipitation of these 
minerals or their precursors. 
14 
The chemical reaction involved in the sulphate reduction 
process is: 
2CH 0 + S0„ ~  2HC0 ~ + H„S 2      4 3     2 
Raiswell (1976) notes that for each mole of sulfur reduced, two 
moles of bicarbonate can be generated and, therefore, for each 
mole of pyrite (FeS ) eventually formed, four moles of carbonate 
are the most this reaction can provide.  The concretions studied 
by Raiswell (1976) and Hudson (1978) were found to have much more 
than four times as much carbonate as pyrite leading these authors 
to conclude that another mechanism of carbonate precipitation would 
have to have been active to produce the excess carbonate in these 
concretions.  However, Lippman (1973) suggests that much of the 
hydrogen sulphide produced would escape the local environment not 
by diffusion but simply by bubbling out of the sediment as a gas. 
In this case the amount of pyrite contained by a concretion would 
not be an accurate measure of the carbonate that could have 
resulted from sulphide reduction. 
To explain what he felt was an excess of carbonate over that 
which could result from sulphate reduction, Raiswell (1976) 
suggested fermentation as an additional source of carbonate ions. 
The reaction involved is: 
2NH3 + CO  2NH4+ + co32_ 
Hudson (1978) ruled out simple fermentation reactions as they 
2- 
produce isotopically heavy CO   and the carbon and oxygen isotope 
values measured on the calcite cement in the concretions he studied 
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were isotopically light.  Hudson (1978) offered no alternative 
mechanism to account for the overabundance of carbonate relative 
to pyrite that he believed existed. 
Two examples of carbonate-cemented clastic beds or con- 
cretions found in uplifted and subaerially exposed abyssal plain- 
slope sequences have recently been reported (Nilsen and Moore, 
1979; Link and Nilsen, 1980).  The Rocks Sandstone of Eocene age 
exposed in the northern Santa Lucia Range, California contains 
large dolomitic concretions and is interpreted as a deep-sea fan 
deposit that was formed in a restricted continental borderland 
basin (Link and Nilsen, 1980).  The tectonic setting of this area 
is one of strike slip faulting and basement-complex block faulting 
(Nilsen and Clarke, 1975) which is not the setting off Washington 
and northern Oregon at the present time, but the carbonate-bearing 
sediments from the two areas may be similar. 
The Eocene to Miocene sequence on Kodiak and adjacent islands 
off the Alaskan Peninsula (Sitkalidak, Sitkinak and Narrow Cape 
Formations) have been interpreted by Nilsen and Moore (1979) to 
represent a progradational cycle of shelf, slope and deep-sea fan 
deposits formed in an accretionary trench-slope complex.  The lowest 
unit stratigraphically, the Sitkalidak Formation of Eocene and 
Oligocene age, consists of interbedded sandstone and shale, inter- 
preted by the authors as middle- and outer-fan deposits which 
locally include trench-floor basin plain sediments.  The lower part 
of the Sitkalidak Formation as exposed at Partition Cove on 
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Sitkalidak Island contains calcite-cemented turbidites and concre- 
tions (Nilsen and Moore, 1979). 
The Washington-Oregon slope carbonate-cemented sediments may 
represent a modern analog for the carbonate-cemented turbidites and 
concretions found in the Tertiary trench-slope complex outcropping 
on Kodiak and adjacent islands, and possibly even for the dolomitic 
concretions of the Rocks Sandstone in the Santa Lucia Range. 
Previous Work and Related Studies 
The tectonics of western North America were summarized by 
Atwater (1970).  The convergent motion of the Gorda-Juan de Fuca 
» 
and North American Plates has been summarized above (Figures 2a, b), 
and is discussed in detail by Silver (1972) and Barnard (1973, 1978). 
The bathymetry, sediment cover and lithology of the under- 
lying sedimentary rock units of the central Oregon continental shelf 
and slope were studied by Maloney (1965).  Sedimentary rocks of 
Upper Miocene to Upper Pliocene age were dredged from exposures 
of consolidated units on the outer shelf and slope.  Most of the 
rocks were massive, diatomaceous, clayey siltstones, but 66 of 138 
dredge hauls recovered at least some carbonate-cemented clastic 
sediments.  Maloney (1965) considered these to be of concretionary 
origin but presented very little data concerning the carbonate 
petrology. 
These same rock samples were analyzed for microfaunal 
content.  Benthic foraminifera were found at depths consistently 
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shallower than the depths at which these forms lived (Maloney, 1965; 
Byrne, Fowler and Maloney, 1966).  Faunal paleodepths indicated 
deposition in abyssal environments, thus requiring as much as 1800 
meters of uplift to their present depths.  A similar history of 
elevation was proposed at DSDP Site 175, located in an inter-ridge 
basin on the Oregon lower slope (Figure 1; see also Appendix 2). 
Benthic foraminifera recovered from both the upper Unit 1 
(0-284 m) basin-fill mud facies and the lower Unit 2 (284-879 m) 
bedrock mudstone facies indicated uplift of 200-700 meters (Kulm, 
von Huene, et al., 1973b). 
Seismic reflection profiles off Oregon (Kulm and Fowler, 
1974a) show folded and faulted sedimentary rocks overlain by less 
severely deformed to undeformed sediments.  Kulm and Fowler 
(1974a) interpret this and other data as supporting an imbricate 
thrust model (Seely, et al., 1974) involving accretion of Cascadia 
Basin sediments in discrete thrust slices, each slice having been 
thrust landward below the next older slice along a landward verging 
fault plane.  Kulm and Fowler (1974b) present an overview of 
Cenozoic sedimentation and tectonics on the Oregon continental 
margin.  Snavely, et al. (1980) present an east-west geologic 
cross-section of the Oregon continental margin consistent with the 
hypotheses of Kulm and Fowler (1974a, 1974b). 
Silver (1969a, 1969b) has studied the structure, sediments 
and rocks of the continental slope north of the Gorda (Mendicino) 
Escarpment off northern California.  A magnetic anomaly of the 
Gorda Plate was traced beneath the lower slope where seismic 
reflection profiles revealed sedimentary rock ridges and sediment 
filled inter-ridge basins whose axes closely parallel the anomaly 
and the general trend of the continental margin.  Dredge hauls 
from a lower slope ridge recovered fine-grained limestones and 
dolomites.  Silver (1971) postulated offscraping and accretion 
of Gorda Basin sediments in response to subduction of the Gorda 
Plate. 
The Washington continental slope was first studied by 
Silver (1972) and Barnard (1973, 1978).  Magnetic anomalies of 
the Juan de Fuca Plate were traced 40-100 km eastward under the 
slope (Silver, 1972).  Seismic reflection profiles (Silver, 1972; 
Barnard, 1973, 1978) showed deformed sediment ridges and inter- 
vening basins filled with relatively undeformed sediments, which 
sample analysis confirmed (Barnard, 1973, 1978).  Benthic micro- 
fauna extracted from rock samples indicated 1) uplift of basement 
ridges; 2) an east to west progression from oldest to youngest 
ridge, respectively; 3) all ridges are less than two million years 
old (Barnard, 1973, 1978).  Silver (1972) and Barnard (1973, 1978) 
concluded that a Pleistocene accretion of lower slope material has 
prograded westward by thrusting of a marginal ridge over the next 
oldest ridge to the east along seaward verging fault planes, in 
contrast to the imbricate thrust sheet model of Kulm and Fowler 
(1974a) for thecentral and southern Oregon slope. 
Carson (1974, 1977) has determined that initial sediment 
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consolidation occurs within a narrow zone (<3 km) seaward of the 
lower slope-abyssal plain intersection.  Consolidation continues 
at a much reduced rate as the sediment is folded, uplifted and 
thrust eastward.  The geometry and mechanics of this initial 
structural deformation has been discussed by Carson and Yuan (1972) 
and Carson, et al. (1974). 
Dredge hauls of sedimentary rocks from the lower slope ridges 
off Washington and northern Oregon have been recovered by Carson 
and McManus (1969), Barnard (1973, 1978), and Carson (1974, 1977). 
The rocks are mostly indurated noncalcareous mudstones, but a 
significant number of subsamples consist of carbonate-cemented 
muddy to conglomeratic clastic sediments. 
Recovery of consolidated mudstones from the western flanks 
of the youngest lower slope ridges (the westernmost or marginal 
ridges), and the lack of significant slumping of materials off 
these ridges as indicated by seismic profiles (Barnard, 1973, 1978; 
Carson, et al., 1974; Carson, 1977) led Barnard (1973, 1978) and 
Carson (1977) to conclude the following: 
1) initial consolidation of Cascadia Basin sediments occurs 
seaward of the marginal ridge and involves both deeply 
buried and nearsurface sediments ,- 
2) it is unlikely that any significant thickness of 
unconsolidated sediments is uplifted on the ridges; 
3) the ridges are essentially areas of terrigenous non- 
deposition receiving at most a small amount of 
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hemipelagic sediment. 
Barnard (1973, 1978) has shown that Pleistocene-Holocene sediment 
input from the Washington-Oregon continental shelf has largely 
bypassed the slope via turbidity current transport down the 
numerous submarine canyons that cross the slope and has been 
deposited in Cascadia Basin.  The sediment that has been deposited 
on the slope is ponded in the inter-ridge basins (Barnard, 1973, 
1978) (note the flat lying reflecting horizons between ridges, 
Figure 3). 
Tiffin, et al. (1972) and Barr (1974) have studied the 
continental margin off Vancouver Island.  Barr (1974) notes 
that a compressive, accretionary style of uplift, folding and 
faulting of abyssal plain sediments has formed a basin and ridge 
morphology on the lower slope as far north as Nootka Sound 
(northern limit of continental slope shown in Figure 1).  Both 
west-dipping reverse faults like those off Washington (Silver, 
1972) and east-dipping reverse faults akin to those off Oregon 
(Kulm and Fowler, 1974a) were interpreted by Barr (1974) from 
seismic reflection profiles off central and southern Vancouver 
Island.  Limited dredge haul samples (Barr, 1974) reveal ridge 
lithologies of indurated mudstones and siltstones, but no carbonate- 
rich samples were mentioned.  More recent sampling recovered 
calcite-cemented sediments from the lower slope ridges off Vancouver 
Island that resemble those collected on the Washington-Oregon slope 
(Davis, personal communication). 
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Seismic reflection profiles (Davis, personal communication) 
and reversed refraction profiles (Clowes, et al., 1981) across 
Winona Basin west of Vancouver Island show a layer of sediment 
approximately 5 km thick overlying oceanic crust.  The upper 
1.5-2.0 km of low-velocity (average ^2.5 km/s) sediments overlie 
^3 km of high-velocity (^4.3 km/s) sedimentary material (Clowes,^ 
et al., 1981).  Davis (personal communication) hypothesizes that 
the higher velocity of the lower sedimentary layer is due to 
secondary lithification, possibly carbonate cementation.  He 
postulates that cementation of these sediments could be caused 
by percolating seawater.  Convective seawater circulation through 
the upper part of the oceanic crust and the overlying sediments 
has been proposed to explain anomalously low heat flow values 
recorded for the young oceanic crust in the Juan de Fuca-Explorer 
Ridge area (Davis, et al., 1980). 
Cascadia Basin sediments have been studied by Duncan (1968), 
Carson (1971, 1973), and Kulm, von Huene, et al. (1973a).  Seismic 
refraction and reflection profiles across Cascadia Basin (Shor, 
et al., 1968; Carson, 1971, 1973) show a thinner layer (1.3-2.5 km) 
of sediments covering the oceanic crust than is present in Winona 
Basin (^5 km, Clowes, et al., 1981), and there is no seismic 
velocity data (sediment velocities of 2.15-2.30 km/s, Shor, et al. , 
1968) to suggest secondary lithification of the sediments in 
Cascadia Basin. 
Washington-Oregon slope sediments were studied by Barnard 
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(1973, 1978), Kulm, von Kuene, et al. (1973b), and Kulm and 
Scheidegger (1979).  Continental shelf sediments off Washington 
and northern Oregon have been investigated by Gross, McManus and 
Ling (1967), Kulm, et al. (1975), and Nittrour (1978). 
Other studies of sedimentation and tectonics from the 
general area of the Washington-Oregon slope are referenced by 
the authors cited above. 
Sample Collection 
Samples used in this study were dredged from the western 
flanks (structural dip-slope) of the lower slope ridges off 
Washington and northern Oregon (Figures 3 and 4; Appendix 1). 
Thirty-four dredge hauls were collected on R/V T. G. Thompson 
(University of Washington) cruises TT-053, TT-063 and TT-068 
by Barnard (1973, 1978) and cruises TT-079 and TT-090 by Carson 
(1977); one dredge haul was collected on R/V Wecoma (Oregon State 
University) cruise W7809C by Kulm (in progress).  Fifteen of these 
dredge hauls recovered carbonate-cemented sediments, 85 subsamples 
in all.  Samples have been stored, sealed in plastic and refriger- 
ated at 4°C since completion of the primary research for which 
they were collected. 
Part or all of seven subsamples from a dredge haul collected 
by T. Bruns of the U.S. Geological Survey on the lower slope off 
southern Alaska (Appendix 2) have been provided for comparison to 
the Washington-Oregon slope carbonates.  Bruns (personal communica- 
tion) recovered numerous carbonate-cemented sediments in dredge 
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126° 125° 124° 
Figure 4.  Bathymetry of the Washington-northern Oregon continental 
slope (after Barnard, 1973) showing location of samples and seismic 
reflection profiles (see Fig. 3).  Circles indicate samples 
collected by Carson (1977); triangles are samples from Barnard 
(1973); square represents sample provided by Kulm (in progress); 
hexagons are DSDP Sites.  Contour interval:  200m. 
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hauls collected on the flanks of accretionary lower slope ridges 
landward of the Alleutian Trench. 
Subsamples of five carbonate-rich intervals within the DSDP 
cores recovered at Sites 174a and 175 off Oregon (Figures 1 and 
4; Appendix 2) were provided by the DSDP Curator at Scripps 
Institution of Oceanography.  Subsamples of nine carbonate-rich 
intervals from four DSDP cores recovered from similar environ- 
ments outside the study area were also provided for purposes of 
comparison (Appendix 2). 
Previous Analysis 
The present study, being an outgrowth of the research by 
Carson (1977), has incorporated some of the data collected for 
that study.  Size analyses and carbonate content determinations 
were performed on 23 subsamples, ten of these carbonate-cemented, 
from 13 dredge hauls.  The size analysis data have been used 
directly, while most of the carbonate content data have been 
re-determined.  Other data from Barnard (1973) and Carson (1977) 
have been cited in this report, but not used directly in the 
present study. 
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METHODS 
Macroscopic Description 
Samples were slabbed, photographed and macroscopically 
described using grain size terminology of Wentworth (1922), the 
textural classification of Shepard (1954) and colors (wet) 
taken from the Geological Society of America Rock Color Chart 
(1951 ed.).  A three part number was assigned to each sample: 
first part = cruise number; second part = dredge haul number; 
third part = split number.  Splits were initially separated into 
low and high carbonate groups based on hardness (moist) and a 
dilute acid (2% HCl) test.  Well-cemented specimens that showed 
no reaction with the dilute hydrochloric acid were grouped as 
dolomitic.  This was later confirmed by X-ray diffraction and 
staining techniques. 
X-radiographs were made of 'a-inch thick slices from 
selected carbonate-cemented samples using a Phillips Radifluor 
360 with an Auto Rad IX automatic X-ray exposure control and 
Kodak Type AA2 industrial film; instrument settings were 60 KV 
and 3 MA.  No prints were made from the X-radiograph negatives 
as they failed to detail any relationship between the carbonate 
cement and other features of the rocks. 
Carbonate Mineralogy 
Carbonate mineralogy was determined by X-ray diffraction 
analysis.  A piece of at least one carbonate-cemented sample from 
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each dredge haul that recovered carbonates was ground to a powder 
and mounted on a glass slide using an acetone slurry.  Each of the 
24 slides prepared was scanned from 25° to 32° 26 on a Norelco 
wide angle diffractometer with a scintillation counter and strip 
chart recorder.  Nickel filtered copper YL&  radiation was used at 
instrument settings of 40 KV and 20 MA.  The scanning and chart 
speeds were h     per minute and \   inch per minute respectively. 
Prominent X-ray diffraction peaks were identified using 
the quartz (101) peak at 26.7° 29 as a reference point.  Table 1 
presents the Miller indices and 2 6 angles for major peaks observed. 
MgCO  content of calcite was estimated by comparing the calcite 
peak position to Goldsmith, Graf and Heard's (1961) plot of MgCO 
weight percent versus lattice spacing for the system MgCO -CaCO 
(Figure 5). 
A stain of Alizarine Red S dissolved in 0.2 percent cold 
hydrochloric acid (0.1 g/100 ml; Friedman, 1959) was applied to 
rock chips from the X-rayed samples and produced a different color 
for each of the three carbonate minerals identified by X-ray 
analysis.  Rock chips were swirled in the stain for 15 seconds and 
immediately rinsed with tap water.  Magnesian-calcite stained dark 
red-purple, aragonite stained a brighter purplish red and dolomite 
took on only a faint purple stain.  Low carbonate mudstones absorbed 
no stain.  This technique proved faster and less expensive than 
X-ray analysis and was used for carbonate identification on the 
remaining 61 samples, reinforcing the dilute acid test 
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TABLE 1. 
MILLER INDICES AND 29 X-RAY DIFFRACTION ANGLES* 
Primary Peak Secondary Peak 
Mineral Name Indices 29 Angle Indices 29 Angle 
Aragonite (111) 26.2° (021) 27-3°7 
Quart z (101) 26.7° 
Microcline (002) 27-5° (201) 27.1°5 
Plagioclase (002) 28.0° (202) 27.8°6 
Calcite (10M 29-5° 
Mg-Calcite (ioM 29-5°- 30. ,0°** 
Dolomite (104) 31.0° 
Miller indices and d-spacings are from the Mineral Powder 
Diffraction File Data Book (Joint Committee on Powder 
Diffraction Standards, 1980).  d-spacings were converted to 
29 angles for copper K radiation using the tables in Fang 
and Bloss (1966).  Subscripted numbers on the secondary peak 
29 angles indicate the peak intensity relative to the primary 
peak, the later having an intensity of 10. 
** 
Data from Goldsmith, Graf, and Heard (1961). 
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classification. 
Carbonate Content 
Carbonate content was evaluated using the acid leach weight 
loss technique described by Molnia (1974).  A 47 mm diameter 
Millipore filter was used with a 0.45 ym effective pore size. 
Reproducibility of results was checked by performing multiple 
analyses on splits from the same powder for each of three 
samples (68-22-1, 79-33-6, 68-14-1).  Pieces of one low- 
(68-22-1) and two high-carbonate samples (79-33-6, 68-14-1) were 
mechanically ground and five splits were taken from each (one 
split was lost due to a procedural error).  The results (Table 2) 
show that variability increased as carbonate content increased, 
but even with the highest carbonate samples assays did not vary 
by more than 1.00 percent. 
Experimental error in the acid leaching procedure was 
also evaluated.  Possible sources of error include weight 
variations due to variable moisture content of subsamples prior 
to analysis, loss of very fine-grained (<0.45 ym) powder through 
the filter, and imperfect transfer of the powdered samples from 
the weighing dishes to the filter apparatus and back again after 
leaching.  Moist samples were oven dried and desiccated before 
grinding, but variable amounts of surface moisture may have been 
present on the powders as exposure to air could not be eliminated. 
Ten samples of varying carbonate content were chosen for the 
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TABLE 2. 
REPRODUCIBILITY OF CARBONATE CONTENT RESULTS 
BY THE ACID LEACHING-WEIGHT LOSS TECHNIQUE* 
3ubsample Number   Weight Loss   Maximum Variability 
68-22-1 
I k.%% 
II k. 57% 
III U.63SS 
IV h.ki% 
V h.12% 
T9-33-6 
I \2.12% 
II hi.11% 
III hi.15% 
IV 1+2.19% 
V hi.66% 
68-ik-i 
I 11.33% 
II 11.h2% 
III l6.ki% 
IV 11.11% 
V  ._ 
0.25% 
0.56% 
0.95% 
* 
Carbonate content analysis as described by Molnia (197M 
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error analysis.  A piece of each sample was ground to a powder, 
a split was weighed and placed on a Millipore filter as in the 
technique described by Molnia (1974).  At this point, instead of 
leaching the carbonate with dilute hydrochloric acid (2 percent), 
only distilled water was filtered through the powders.  The 
samples were removed from the'filter apparatus, oven dried, cooled 
in a desiccator, and reweighed as in the leaching procedure 
(Molnia, 1974), but now any loss of weight was attributed to 
experimental error, not to the removal of carbonate.  Table 3 
lists the percentage weight loss due to experimental error for 
each of the ten samples next to the weight percent carbonate of 
each sample as determined by the acid leach method. 
It is interesting to note that the loss of weight due to 
experimental error generally decreases as the carbonate content 
of the sample increases.  This may indicate that the non-carbonate 
fraction loses a small amount of weight during the analysis, 
perhaps structurally bound water.  If so, then samples with a high 
percentage of noncarbonate material would be expected to lose more 
weight than samples with a low percentage of non-carbonate material. 
Although the carbonate contents of some samples may be 
inflated by as much as 2.30 percent, the results, as shown above 
(Table 2), are highly reproducible, and with a range in carbonate 
content values of nearly 82 percent the error is acceptable for 
this study.  The speed with which multiple analyses can be 
performed is an asset to this technique when perfect accuracy is 
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TABLE 3. 
EXPERIMENTAL ERROR IN CARBONATE CONTENT ANALYSIS 
BY THE ACID LEACH-WEIGHT LOSS TECHNIQUE* 
Weight Pe: rcentage Weight 
Analysis Sample Percent Loss   Due To 
Number Number (Ca,Mg)C0? Expi srimental  Error 
E-l 79-2U-1 2.51$ 2.30$ 
E-2 79-1^-2 3.00$ 1.62$ 
E-3 79-23-2 3.k6% 1.5W 
E-U 79-31-1 6.58% 2.03$ 
E-5 79-11-2 32.91$ 1.65$ 
E-6 T9-3U-1 3k.hl% 1.28$ 
E-T 79-33-5 kl.78$ 0.98$ 
E-8 79-33-11 hl.6h% 0.95$ 
E-9 79-1^-3 59.lW 0.80$ 
E-10 90-03-1 8l.0U$ 0.1+6$ 
Average weight loss 1.36$ 
3£ 
Carbonate content analysis as described by Molnia (197M 
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not necessary. 
Size Analysis 
Insoluble residues from acid leaching were prepared for size 
analysis of the framework grains.  To begin the sizing with approx- 
imately 25 grams of residue per sample, the initial sample weight 
for leaching was calculated by dividing 25 grams by the fraction 
percent non-carbonate of the sample.  For example, sample number 
79-33-6 assayed 41 percent carbonate by weight.  Preleaching rock 
weight = 25 g/0.59 = 42 grams. 
The initial sample was placed in an eight ounce jar and 
cohered with a watch glass.  Leaching began with 10 percent 
hydrochloric acid and 20 percent hydrochloric acid was used 
once frothing had subsided sufficiently.  Spatters on the watch 
glass and the jar neck were washed back into the jar with acid 
and/or distilled water when the frothing was too violent.  When 
a jar was filled to the neck or when leaching was complete, the 
sample was centrifuged at 2600 rpm for 20 minutes to remove the 
residue from suspension.  The supernatant (green chloride) 
solution was decanted and leaching repeated when necessary. 
Completely leached residue was repeatedly rinsed with distilled 
water by shaking on a Burrell wrist-action shaker, centrifuging 
and decanting as described above.  Once the supernatant liquid 
came clear, the sample residue was given one additional distilled 
water rinse to ensure complete removal of salts. 
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The rinsed residues were analyzed by standard sieve and 
pipette procedures (Ingram, 1971; Galehouse, 1971).  The residue 
was mixed with 10 ml of sodium hexametaphosphate solution 
(50 g/100 ml) by stirring for 10 minutes in a malt blender to 
disperse the fine fraction.  Immediately after mixing, residues 
were wet-sieved with distilled water through a 62.5 ym (40) sieve 
into a 1000 ml sedimentation cylinder.  The coarse fraction was 
washed off the sieve into a 50 ml beaker, oven dried, cooled in a 
desiccator and weighed.  This fraction was then sieved through 
3.36 mm (-1.75 0) , 2.00 mm (-1.0 0) , 1.41 mm (-0.5 0), 1.00 mm 
(0.0 0), 0.71 mm (0.5 0), 0.5 mm (1.0 0), 0.35 mm (1.5 0), 0.25 mm 
(2.0 0), 0.177 mm (2.5 0), 0.125 mm (3.0 0), 0.088 mm (3.5 0), and 
0.0625 mm (62.5 ym, 4.0 0) screens.  Grains passing through the 
62.5 ym (4.0 0) screen were weighed as a pan fraction and then 
added to the sedimentation cylinder. 
After adding the pan fraction, the water level in the 
cylinders was raised to 1000 ml and the cylinders were placed in 
a constant temperature bath (25°C) and allowed to equilibrate 
overnight.  The water column was vigorously agitated prior to 
pipetting to achieve an even distribution of sediment throughout. 
Immediately after stirring, pipetting was started; 20 ml aliquots 
were taken at depths and times calculated according to Stoke's Law 
for 62.5 ym (4 0), 31 ym (5 0), 15.6 ym (6 0), 7.8 ym (7 0), 3.9 ym 
(8 0), 2.0 ym (9 0), 0.98 ym (10 0), 0.40 ym (11 0), and <0.40 ym 
(>11 0) size fractions.  The aliquots were oven dried, cooled in a 
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desiccator, weighed and converted to fraction weight, making 
allowance for the weight of dispersent added earlier.  Size 
analysis data was computer processed using the SEDAN sedimentary 
analysis program (Creager, McManus and Collias, 1962). 
Microscopic Analysis 
Thin sections of 40 carbonate-cemented samples, one igneous 
pebble (see Appendix 3a) and one silica-cemented graywacke (see 
Appendix 3a) were prepared.  Slides were examined with a petro- 
graphic microscope to determine carbonate grain size, shape and 
fabric.  Six carbonate-cemented silty sandstones were chosen for 
point count analysis using a standard mechanical stage to achieve 
random selection of points.  Initially, 200 counts were made 
counting all types of framework grains and the cement-matrix. 
Counting was continued using only quartz, feldspar and lithic 
grains until these totaled 100.  Q-F-L mineralogical classifica- 
tions used are those described by Folk (1974b),.  Photomicrographs 
were *taken of representative samples. 
Four carbonate-cemented samples were examined with an Etac 
Autoscan Scanning Electron Microscope to observe the fabric and 
crystallinity of the microcrystalline cement.  Two samples rich in 
magnesian calcite (68-14-1, 79-34-16), one rich in dolomite (90-32-5) 
and one rich in aragonite (79-14-2) were chosen.  Freshly broken 
chips were mounted and initially carbon coated for observation of 
fresh fracture surfaces.  The carbon coating proved inadequate and 
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the samples were subsequently given a light gold coating to improve 
the resolution of the scanning electron photomicrographs that were 
taken.  The SEM unit used is equipped for energy dispersive X-ray 
cation analysis (PGT X-ray detector and Tracor Northern 1700 multi- 
channel analyzer), and the bulk cation composition of selected 
cement and detrital grains was determined using this feature.  An 
attempt was made to estimate the magnesium content of the calcite 
cements, but the sensitivity of the equipment proved to be 
inadequate for even a rough quantitative estimate. 
Computer Analysis 
R-mode factor and cluster analysis programs by Parks (1966, 
1970), subsequently modified by Parks, were used to process 
various combinations of data.  Carbonate content, size analysis 
fraction percents, and SEDAN calculated textural and statistical 
measures were used as R-mode input variables.  Histograms were 
plotted of varimax rotated factor loadings for interpretation of 
factor-input variable relationships, but are not presented in the 
text. 
Analysis of Related Samples 
The seven splits of carbonate-cemented sediments from the 
Aleutian Trench-Slope provided by Bruns (Appendix 2) and the four- 
teen subsamples of carbonate-bearing rock and sediment provided by 
the DSDP Curator, LaJolla, California were analyzed for carbonate 
content and mineralogy using the techniques described above.  Two 
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of the Aleutian Trench-Slope splits and the seven well-cemented, 
high carbonate DSDP subsamples were thin-sectioned for petro- 
graphic examination.  Hand sample photographs were taken of all 
the splits and subsamples, and each was macroscopically described 
in the manner discussed above. 
RESULTS 
Macroscopic Description 
The rock samples from the lower slope ridges fall into two 
distinct groups:  (I) low-carbonate mudstones and (II) carbonate- 
cemented muddy, sandy and conglomeratic sediments in which most 
of the carbonate occurs as a microcrystalline* cement.  Group II 
has been further divided according to the mineralogy of the 
carbonate cement.  Descriptions of hand speciments are presented 
in Appendix 3a and summarized below.  Photographs of representative 
samples are included here as Plates 1-10; additional photographs 
are presented in Appendix 8. 
(I) Low-carbonate mudstones 
Low-carbonate (<20 percent) samples have been mechanically 
consolidated prior to and during uplift and accretion (Carson, 
1977).  Despite consolidation, they can be broken by hand, and 
*The term "microcrystalline" is used here to describe carbonate 
grains less than 30 microns in diameter.  As such it is a 
combination of the definitions of Folk (1959) and Leighton 
and Pendexter (1962) who used <4 microns and <31 microns as 
their limits respectively. 
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small chunks can be smeared out between one's fingers.  These 
deformed sediments are generally unstratified, but many display 
a poor- to well-developed foliation.  This foliation was studied 
by Berglund (1980) who found it to be tectonically induced.  He 
observed narrow zones in which phyllosilicate flakes have been 
realigned subparallel to the direction of escaping (possibly 
overpressured) pore waters.  A related fabric was seen in 
experimentally deformed mud deposits (Berglund, 1980). 
Lineation was also observed by Carson (1977) in some 
samples as a parting in which the parting planes were marked by 
iron-staining.  Subsequent moisture loss has caused parting to 
develop in other samples that were originally structureless. 
Many samples break not along parting planes but with a concoidal 
or hackly fracture. 
The low-carbonate samples are uniformly olive gray (5Y 4/1) 
to greenish gray (5GY 6/1) and commonly worm-burrowed; one 
sample has slickensided surfaces.  What little carbonate is 
present consists of foraminifera and coccolithophorid tests. 
Most samples are mudstones, some with sandy patches, but a few 
low-carbonate sandstones were also collected.  The low-carbonate 
mudstones have not been post-depositionally cemented, and are 
not the primary subject of this study (see Plates 41, 42, 43, 
and 44; Appendix 8). 
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(II) Carbonate-cemented sediments 
High-carbonate (>20 percent) samples are hard and must be 
hammered to be broken.  In hand specimen they can be separated 
texturally into muddy, sandy and conglomeratic samples (Plates 
1, 2 and 3).  The samples are relatively impermeable and 
generally unstratified.  X-radiographs showed no lineations, 
only the outline of a few worm burrows in some slabs.  The 
carbonate-cemented samples range in size and shape from rounded 
pebbles to angular cobble-sized blocks and slabs.  The longest 
slab measures 33 x 11 x 3 cm; the largest block, 25 x 12 x 9 cm. 
While the carbonate cement is microcrystalline (<30 Vim) , clastic 
grains range from clay-sized particles (<3.9 ym) to lithic clasts 
4 cm in diameter. 
Almost all samples show evidence of weathering on smooth 
surfaces where thin (1-10 mm) crusts or rinds have developed 
(Plates 1 and 2).  The crusts are less well-cemented, lighter 
colored and more porous than fresh rock, indicating leaching of 
the carbonate cement.  Crusts on sandy samples are friable and 
crusts on mudstones are easily scraped off with a knife.  In 
contrast, angular surfaces are fresher; in fact, some show no 
evidence of weathering at all.  Angular, unweathered edges (Plate 
4) may indicate that dredging has broken these samples off of 
larger pieces.  Broken slabs may be pieces of much more extensive 
carbonate-cemented horizons. 
The high-carbonate rocks are commonly fractured, and these 
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Plate 1:  Sample 90-3-4.  Well-rounded cobble of banded olive 
gray (5Y 4/1) magnesian calcite-cemented mudstone.  A light 
gray (N7) weathering crust encircles the dense, well-cemented 
olive gray (5Y 4/1) core.  The dark bands crossing the samples 
are caused by high concentrations of opaque minerals (see 
Plate 31) and/or a change in clay content (see Plate 32).  The 
core contains 80 percent carbonate.  Each small division on the 
scale is 1 mm. 
Plate 2:  Sample 79-11-4.  Rounded cobble of magnesian calcite- 
cemented sandstone.  A friable, porous, yellowish gray (5Y 7/2) 
crust surrounds a well-cemented bluish gray (5B 4/1) core.  The 
core contains 27 percent carbonate; the crust, 15 percent.  Each 
division on the scale is 5 mm. 
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Plate 3:  Sample 79-33-5.  Rounded, irregularly shaped cobble 
of magnesian calcite-cemented conglomerate.  The indurated 
mudstone clasts are internally uncemented and easily scraped 
out of the hard host rock.  The host rock contains 42 percent 
carbonate.  Each small division on the scale is 1 mm. 
Plate 4:  Sample 68-14-1.  Fractured slab of greenish gray 
(5GY 6/1) magnesian calcite-cemented siltstone.  Fractures 
are partially filled with carbonate that is coarser-grained 
than that cementing the bulk of the rock.  The broad surfaces 
and three edges of the slab are smooth and weathered while 
the fractured edge is unweathered.  The core contains 74 
percent carbonate.  Each small division on the scale is 1 mm. 
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fractures are often carbonate-filled or lined (Plates 4 and 5). 
In thin section, the carbonate filling or lining the fractures 
usually appears coarser-grained than the carbonate which cements 
the clastic framework and matrix. 
Some of the rocks are veined; the veins being darker than 
the most rock (Plates 6 and 7).  The veins are of several types: 
some veins are caused by oxide stain concentrations (Plate 7)■ 
some of the veins are caused by concentrations of opaque 
minerals or clay minerals (Plates 1 and 31); some veins are pre- 
carbonate intrusions of a sediment texturally or compositionally 
different from the host sediment (Plates 6 and 32).  All of these 
veins appear to be pre-carbonate in origin as the carbonate 
cement shows no morphological or compositional change from host 
rock to vein in thin section. 
Exceptions to the well-cemented character of the high- 
carbonate rocks are the aragonite-cemented sandstones of dredge 
haul 79-14 (Plate 8).  These samples are friable and very 
porous, and the cement has a drusy appearance in hand specimen.. 
Aragonitic samples are easily separated on the basis of these 
characteristics while magnesian calcite- and dolomite-cemented 
rocks are indistinguishable from each other in hand specimen or 
thin section without a dilute acid or staining test. 
An important feature of the carbonate-cemented rocks is 
seen in the conglomeratic samples, many of which contain 
mudstone clasts (Plate 3).  While the bulk of the rock is tightly 
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Plate 5:  Sample 79-33-7.  Close-up of a texturally patchy, 
fractured magnesian calcite-cemented sandy siltstone. 
Fractures and vug are partially filled with coarser-grained 
carbonate.  See also Plate 53 (Appendix 8).  The rock 
contains 44 percent carbonate.  Scale is in centimeters. 
Plate 6:  Sample 90-3-1.  Rounded cobble of olive gray 
(5Y 4/1) magnesian calcite-cemented mudstone with a prominent 
weathering crust.  The dark veins and sandy patch in the 
lower right consist of glauconite grains in a dark clayey 
matrix (see Plate 32).  The veins are apparently pre-carbonate 
in origin, as the fabric of the cement, as seen in thin 
section, shows no change from the host rock to vein.  The 
core contains 81 percent carbonate.  Each small division on 
the scale is 1 mm. 
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Sample 7:  Sample W7809C-20 H-l.  Brecciated, angular cobble of 
magnesian calcite-cemented silty sandstone.  The dark color of 
the veins is due to oxide stain concentrations.  Despite the 
angular shape, the rock surfaces are smooth but unweathered 
(lacking weathering crusts).  The rock contains 32 percent 
carbonate.  Scale is in centimeters. 
Plate 8:  Sample 79-14-5.  Cobble of friable light gray (N 7) 
aragonite-cemented silty sandstone.  Note the rough, pitted 
surface of this slabbed face compared to that of the magnesian 
calcite-cemented sandy cobble in Plate 2.  The aragonitic 
sample is more porous and more easily broken than any calcitic 
or dolomitic samples.  The cement is drusy, coating the 
framework grains in a soft, almost fuzzy layer.  The rock contains 
41 percent carbonate.  Each small division on the scale is 1 mm. 
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cemented by the carbonate, the mudstone clasts are not internally 
cemented.  In hand specimen the mudstone clasts can be scraped out 
easily, and in thin section the carbonate grains can be seen 
cementiny the edges of the clasts but are not observed within 
them.  This pattern of cementation is important because it shows 
that the mudstone clasts, which were mechanically consolidated 
before being incorporated as clasts in the conglomerates, were 
not penetrated by the fluids from which the carbonate cement 
precipitated. 
Three samples from dredge haul 90-28 were found to be 
rich in sand-sized glauconite pellets (Plate 9).  Several other 
samples contain a few glauconite pellets; sometimes concentrated 
in veins (Plate 6 and 32).  The origin of the glauconite in these 
samples, especially the 90-28 samples, is discussed later. 
The high-carbonate samples are various shades of gray 
(N 7 to N 4) and olive gray (5Y 6/1 to 5Y 4/1) and are not 
uncommonly worm-burrowed both on the surface and internally 
(Plate 10).  Many burrows are mud-filled, but none are even 
partially filled with carbonate indicating that the burrows 
are post-cementation features.  Slickensides and striations are 
present on several of the samples from dredge haul 90-32 
(Plates 47 and 48; Appendix 8). 
Carbonate Content 
The two major 1ithologic groups defined above are distinctly 
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Plate 9:  Sample 90-28-5.  Cross-section of an irregularly shaped, 
rounded cobble (see Plate 49, Appendix 8) of olive gray (5Y 4/1) 
magnesian calcite-cemented glauconite-rich silty sandstone.  The 
rock contains 47 percent carbonate.  Each large division on the 
scale is 5 mm. 
Plate 10:  Sample 90-7-5.  Worm-burrowed, fractured cobble of 
light olive gray (5Y 6/1) dolomite-cemented mudstone with sandy 
patches.  Fresh burrows are partially filled with loose mud and 
are nowhere dolomite-filled or lined.  The sandy patches may have 
been burrows filled with the fine sand prior to cementation.  Some 
of the fractures are filled with dolomite while others are open. 
A set of small veins can be seen in the upper left of the picture. 
Note that this slabbed surface is smooth and well-cemented as are 
those on magnesian calcite-cemented samples.  The rock contains 
78 percent carbonate.  Each division on the scale is 5 mm. 
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separated by analysis of carbonate content.  The weight percent 
carbonate in each sample is listed in Appendix 4, and the 
distribution of samples across the range of values is plotted 
in Figure 6.  All samples in the well-cemented lithologic group 
contain more than 25 percent carbonate while samples in the 
lithified but uncemented group are all less than 15 percent 
carbonate.  Carson (1977) used 7 percent as the division between 
the high- and low-carbonate groups, but as one can see from 
Figure 6, the division is better placed between 15 and 25 percent. 
A value of 20 percent is used here as this allows for experi- 
mental error on either side. 
The relative size of the high- and low-carbonate groups 
is misrepresented by the carbonate content data in Figure 6. 
Every carbonate-cemented specimen collected was analyzed, but 
only a few representative low-carbonate splits from each dredge 
haul were analyzed.  Twenty-five of the 34 dredge hauls recovered 
low-carbonate rocks while only 14 sampled high-carbonate pieces, 
and the total weight or volume of low-carbonate rocks sampled 
was much greater than that of the high-carbonates.  The carbonate- 
cemented rocks appear to be a secondary lithology on the 
Washington-Oregon slope, but locally may be dominant as indicated 
by the abundance of carbonates sampled in several dredge hauls 
and their lack or near lack of low-carbonate mudstones (dredge 
hauls 68-14, 68-15, 79-11, 79-27, 79-33, 79-34, 90-03, 90-28, 
90-32; see Appendix 3). 
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Nearly two-thirds of the high-carbonate samples (Figure 6) 
contain more than 50 percent carbonate.  These are, perhaps, 
best classified as clayey, silty and sandy limestones and 
dolomites, but because of the nature of the carbonate (inorgani- 
cally precipitated microcrystalline cement) they are classified 
here as carbonate-cemented mudstones, sandstones and conglomerates. 
The carbonate content data supports the hypothesis that the 
thin crusts that are present on many of the well-cemented samples 
are the products of weathering of the rocks by ocean waters under- 
saturated with respect to carbonate.  The crusts on five samples 
were analyzed (Appendix 5) and found to be lower in carbonate 
than the cores of these samples.  The depletion of carbonate is 
most easily explained as a leaching phenomenon, and the loss of 
cement explains the poorly-cemented character and lighter color 
of the crusts. 
The single carbonate content value reported for sample 
79-11-1, 12 percent (Appendix 4), was determined by Carson 
(1977) and could not be rechecked as the sample was destroyed 
during analysis for that earlier study.  Comparison of this 
value with the values for both the cores and crusts of the three 
remaining splits in this dredge haul (Appendix 4) indicates that 
the low value for 79-11-1 was obtained from a weathered portion 
of the sample and is treated as such herein.  This sample is 
not plotted on Figure 6. 
55 
Carbonate Mineralogy 
Three carbonate minerals were identified by X-ray 
diffraction and staining:  magnesian calcite, dolomite and 
aragonite (Appendix 4).  Magnesian calcite is by far the most 
common cementing agent, being present in 65 of the 85 (76%) 
samples.  Dolomite was identified in 18 samples and aragonite 
in only three.  Sample 68-29-2 appears to contain both dolomite 
and magnesian calcite, but the dolomite diffraction peak was 
much more intense.  Magnesian calcite-cemented samples were 
collected with dolomitic samples in one dredge haul and with 
the aragonitic samples in another.  Nine dredge hauls recovered 
only magnesian calcite-cemented high-carbonate samples, and two 
recovered only dolomitic high-carbonate samples. 
Aragonite is the high-pressure polymorph of calcite, 
and it has been calculated that Pacific Ocean waters reach 
undersaturation with respect to aragonite at shallower depths 
than with respect to calcite (Li, et al., 1969).  Magnesian 
calcite is also a metastable phase under near-surface conditions, 
but several studies indicate that the relative stabilities of 
these carbonate minerals in deep water are:  aragonite < magnesian 
calcite < calcite (Milliman, 1974).  The abundance of magnesian 
calcite relative to aragonite in the samples reported here agrees 
with these findings.  The lack of low-magnesian calcite may be 
attributed to the inhibiting effect of the magnesium ion on the 
crystallization of this mineral under near-surface conditions 
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during rapid crystallization, which is indicated by the micro- 
crystalline grain size of the carbonate cement (Lippman, 1973; 
Folk, 1974a). 
The presence of dolomite as a cementing agent raises the 
question as to whether it is of primary or replacement origin. 
In hand specimen and thin section the dolomite and magnesian 
calcite grains are indistinguishable without staining. 
Milliman (1974) cites numerous examples of deep-sea dolomite 
occurrences, but the mechanism(s) of formation are not 
unequivocally explained.  Lippman (1973) discusses the chemistry 
of the CaCO  - MgCO  system in detail and concludes that dolomite 
does not precipitate from seawater, which is supersaturated with 
respect to dolomite, nor from concentrated brines because of 
kinetic inhibitions involving the hydration state of the 
dissolved magnesium ion.  This suggests that the Washington- 
Oregon slope dolomite is probably of secondary origin.  A more 
definitive statement on the origin of the dolomite would require 
delineation of pore water ion concentrations, pH, alkalinity, 
temperature and pressure, at the depositional site.  Such data 
is not available here and the origin of the dolomite is left 
unresolved. 
Size Distribution of Clastic Grains 
Size analysis results for 2 3 low-carbonate and 58 high- 
carbonate samples are listed in Appendix 5.  As with the carbonate 
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content analyses, the size analyses underrepresent the low- 
carbonate group.  One must remember that this is the dominant 
lithology on the lower slope ridges despite the emphasis here 
on high-carbonate specimens.  Size analysis of two well-cemented 
conglomerates, 79-33-5 and 79-33-8, was unsuccessful because 
clasts of uncemented mudstone (up to 40 mm in diameter) included 
in these rocks disaggregated during leaching of carbonate from 
the matrix. 
The low-carbonate samples (Figure 7a) are predominantly 
clayey silts and silty clays while the carbonate-cemented 
samples (Figure 7b) cover a wider range of textures with clayey 
silts, silts and silty sands being most common.  Thevlack of 
sandy sediments in the low-carbonate group is reflected in the 
statistical and textural measures summarized in Table 4.  The 
average mean grain size is finer (7.250 vs. 5.980) and the average 
sand to mud ratio is lower (0.15 vs. 0.63) for the low-carbonate 
group versus the carbonate-cemented group.  Furthermore, the 
range of values for mean grain size and sand to mud ratio is 
smaller for the low-carbonate samples.  The samples in both 
groups display poor to very poor sorting (0.90 - 3.540); however, 
on the average', the carbonate-cemented samples are generally more 
strongly skewed to both the coarse and fine ends of the size 
range, and their size distributions are more strongly leptokurtic. 
Conglomerates and glauconite-rich samples were both 
restricted to the high-carbonate group.  Sand- to pebble-sized 
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CLAY 
SAND SILT 
(a) LOW-CARBONATE MUDSTONES 
CLAY 
SAND SILT 
(b) CARBONATE-CEMENTED SEDIMENTS 
Figure 7.  Textural properties of (a) low-carbonate and 
(b) carbonate-cemented samples from the lower slope ridges 
off Washington and northern Oregon.  Data is listed in Appendix 5. 
Ternary diagrams after Shepard (1954) . 
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TABLE h. 
SIZE ANALYSIS PARAMETERS OF 
DETRITAL FRAMEWORK GRAINS* 
LOW-CARBONATE MUDSTONES 
Average Range 
Mean Phi Size 7.250 5, .29 to 8.380 
Standard Deviation 2.230 1, M to 3.^60 
Skewness -0, ■ 99 to 0.51* 
fine-skewed (9) 0.29 
coarse-skewed (8) 
-0.23 
Kurtosis 2.51 1, .79 to h.h6 
Sand/Mud 0.15 0, .00 to 1.20 
CARBONATE-CEMENTED SEDIMENTS 
Average        Range 
Mean Phi Size 5-980      3.38 to 9.000 
Standard Deviation       1-990      0-90 to 3-5^0 
Skewness -1.15 to k.fl 
fine-skewed (kk)                  1-3^ 
coarse-skewed (lh)            -O.kl. 
Kurtosis 6.03       I.65 to 32-59 
Sand/Mud 0.63       0.00 to 3.6U 
Mean phi size, standard deviation, skewness and 
kurtosis are moment measures; sand/mud is the ratio 
of sand + gravel to silt + clay.  See Appendix 5 
for raw data. 
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mudstone clasts are common in conglomeratic samples. Sand-sized 
mudstone grains are present in the one low-carbonate clayey 
sand sample, 68-22-2 (see Plate 43, Appendix 8), and, unlike the 
clasts in carbonate-cemented conglomerates, these grains did not 
disaggregate during sizing. Glauconite pellets ranged in size 
from fine to coarse sand and were abundant only in three samples 
from dredge haul 90-28. 
Microscopic Description 
Thin sections of carbonate-cemented samples were examined 
after the mineralogy of the carbonate had been determined for 
each sample (by X-ray diffraction analysis or staining).  The 
detrital texture, mode of framework grain support, presence or 
absence of veins and fractures, and abundance and type of micro- 
fossils were noted and the results were tabulated in Appendix 6. 
Detailed petrography is summarized below. 
The high-carbonate samples consist dominantly of detrital 
(with minor amounts of authigenic and biogenic) grains bound by 
a cement/clastic matrix of fine silt, clay and micrycrystalline 
carbonate.  Cement and clastic matrix are indistinguishable from 
one another in standard thickness (0.03 mm) thin sections because 
the mixture is nearly opaque.  Cement grains are seen more clearly 
where they abut or overlap framework grains and on thinned edges 
of some of the slides. 
The compositional character of the Washington-Oregon slope 
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carbonate-cemented sediments was investigated by point counting 
six sand-rich samples.  In his discussion of petrographic analysis 
of graywackes and arkoses, Dickinson (1970) suggests restricting 
point counts to sand-sized grains for standardization of results 
in comparing different samples.  This procedure was followed here. 
The data from the point counts of framework grains and cement/ 
matrix, and of quartz, feldspar and lithic grains for the six 
samples are listed in Table 5. 
According to the classification used by PettiJohn (1975, 
Figure 7-6), the six samples are feldspathic graywackes, but 
this is a misuse of the classification because the matrix in these 
rocks is largely diagenetic carbonate cement.  The QFL percentages 
do indicate, however, that the framework sediments are mineral- 
ogically immature.  The framework grains are largely angular to 
subangular and, therefore, are also texturally immature. 
The detrital grains are predominantly cement/matrix 
supported, although thirteen sandy samples show a mix of grain- 
to-grain and cement/matrix support (Plates 11 and 12).  In mud- 
rich samples the few coarse silt and sand-sized grains are 
literally floating in the cement/matrix (see Plates 29, 30, 31 
and 32).  In hand specimen several samples appeared patchy, the 
coarser-sized framework grains being unevenly distributed in the 
matrix (e.g. 63-9-2).  In thin section the same textural 
uneveness is observed (see Plate 33). 
The cement/matrix varies from grayish brown in sandy 
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TABLE 5- 
POINT COUNT DATA FOR SELECTED 
CARBONATE-CEMENTED SILTY SANDSTONES 
Sample 
79-H-l all points 18 -56 19 
Q-F-L only 19 GO 21 
79-11-3 all points 25 68 9 
Q-F-L only 25 66 9 
79-l[*-2 all points 13 69 21 
Q-F-L only 12 61 21 
79-33-6 all points 10 32 2k 
Q-F-L only 15 5k 31 
90-7-1* all points 17 68 7 
Q-F-L only 20 73 7 
W78C-1 all points Ik 1+2 6 
Q-F-L only 2k 69 7 
M+M+0   CMT/MTX 
19 
17 
16 
15 
19 
8l 
81 
125 
93 
119 
Q = quartz + metaquartzite fragments; F = all feldspars + 
granite and gneiss fragments; L = all other rock fragments 
chert, slate, schist, volcanics, sandstone and shale; 
M+M+0 = all micas, all mafic grains and all opaques; 
CMT/MTX = carbonate cement and clastic matrix (fine silt 
and clay).  Q-F-L definitions after Folk (l97Ub). 
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Plate 11:  Photomicrograph of Sample 79-11-1 under uncrossed 
nichols at 124X magnification.  The framework grains consist 
of texturally and mineralogically immature silty fine sand 
(see Table 5 and text).  A small amount of detrital clay and 
fine silt is mixed with the microcrystalline carbonate cement. 
The cement is magnesian calcite.  The opaques are pyrite grains 
1-4 |_lm in diameter, although larger aggregates are common.  The 
cement/matrix is light grayish brown.  The framework grains are 
both grain and cement/matrix supported.  (This specimen was 
destroyed during analysis by Carson (1977) so no hand specimen 
photograph is available; refer to Plate 2, sample 79-11-3.) 
Plate 12:  Photomicrograph of Sample 90-7-4 under uncrossed 
nichols at 306X magnification.  This sample is identical to 
79-11-1 (Plate 11) except that the cement is dolomitic not 
calcitic and the cement/matrix is slightly darker in color. 
Pyrite is again abundant, often occurring as irregularly 
shaped aggregate grains.  (See Plate 57, Appendix 8 for a 
hand specimen photograph of this sample.) 
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samples (Plates 11 and 12) to dark brown (nearly opaque) in 
muddy samples (Plates 29, 30, 31, 32, 33 and 34).  Some sections 
have edges or corners that were ground thin enough so that one 
can see a single or double layer of carbonate grains without 
intermixed clays and silts, and at this thickness the carbonate 
appears colorless (Plate 13).  The matrix of a low-carbonate 
sandstone (68-22-2) is also grayish brown, but it is more uniform 
and less grainy in appearance than is the cement/matrix of the 
carbonate-cemented sediments.  The low-carbonate sample's matrix 
is extinct under crossed nichols (see Plate 44, Appendix 8) while 
the cement/matrix of high-carbonate samples is bright due to the 
high order interference colors of the carbonate minerals (Plates 
14, 15 and 16). 
Magnesian calcite grains are indistinguishable from 
dolomite grains in thin section even under high magnification 
(compare Plates 17 and 18).  Magnesian calcite and dolomite 
cements both appear as mosaics of irregularly shaped grains 
which are intergrown or overlapping.  Carbonate grain boundaries 
exhibit edge to edge contacts which result in few or no void 
spaces between grains.  Grain size is variable between samples 
(compare Plates 15 and 16) but within a particular thin section 
grains are generally of uniform size.  Grains less than 5 ]im 
predominate (plates 13, 15 and 18), although grains as large as 
25-30 ym were observed (Plates 16 and 17).  Some magnesian 
calcite-cemented samples have fractures lined with carbonate 
66 
Plate 13:  Photomicrograph of Sample 79-33-3 under uncrossed 
nichols at 619X magnification.  This view is of a thinly ground 
edge on the slide where the cement grains are stacked only two 
or three deep and appear colorless.  Note the moderate relief 
of the calcite next to the quartz grains.  The cement is 
magnesian calcite and can be seen abutting and overlapping 
s,the detrital grains.  Compare this to the contacts seen in the 
scanning electron photomicrographs of Plates 21, 22 and 23. 
The cement grains are subangular to subrounded and show an 
interpenetrating fabric in the spaces between framework grains. 
At the lower center edge of the view one can see an individual 
cube of pyrite (see arrow).  The smaller opaque specks seen 
thoughout were unidentifiable.  (See Plate 58, Appendix 8 for 
a hand specimen photograph of this sample.) 
Plate 14:  Photomicrograph  of Sample 79-11-1 under crossed 
nichols at 124X magnification.  The view is similar to that 
in Plate 11 but now the cement grains are bright white due 
to the high order interference colors of calcite. 
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Plate 15:  Photomicrograph of Sample 79-27-3 under crossed 
nichols at 619X magnification.  This sample is a magnesian 
calcite-cemented silt.  The shape and fabric of the cement 
grains is particularly clear in this picture.  There is a 
wide range of grain sizes and shapes.  The cement shows an 
interlocking or suture-like fabric.  The sample contains 
65 percent carbonate by weight and the coarse detrital silt 
grains are almost wholly cement/matrix supported.   (See 
Plate 59, Appendix 8 for a hand specimen photograph of this 
sample.) 
Plate 16:  Photomicrograph of Sample 79-33-3 under crossed 
nochols at 619X magnification.  View is of a thin edge of the 
section showing coarse silt grains supported by the 
irregularly shaped magnesian calcite grains.  Compared to 
Plate 15, the cement here is coarser grained and shows a less 
suture-like fabric than that seen in Plate 15.  (See Plate 58, 
Appendix 8 for a hand specimen photograph of this sample.) 
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Plate 17:  Photomicrograph of Sample 79-27-3 under crossed 
nichols at 1172X magnification with an oil immersion lens. 
The view is of a thinned edge of the section where the 
cement is only one or two grains thick.  The cement is 
magnesian calcite and shows a wide range of grain sizes 
(1-10 Jim in diameter) .  The fabric is less suture-like 
than in the lower magnification view of Plate 15.  The 
magnesian calcite seen here is indistinguishable from the 
dolomite pictured at the same magnification in Plate 18. 
(See Plate 59, Appendix 8 for a hand specimen photograph 
of this sample.) 
Plate 18:  Photomicrograph of Sample 90-7-4 under crossed 
nichols at 1172X magnification with an oil immersion lens. 
Dolomite cement is seen abutting a quartz grain (labelled 
A) on a thin edge of the section.  The dolomite grains are 
irregularly shaped and span the same size range (1-10 ym) 
as do magnesian calcite grains seen in other samples.  A 
phyllosilicate gxain is seen on edge in the upper center 
part of the picture (indicated by B).  The line cutting the 
picture just below center is a scratch on the film negative. 
(See Plate 57, Appendix 8 for a hand speciment photograph 
of this sample.) 
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grains up to 75 \irc\  in diameter (Plate 30) which were deposited 
after initial cementation of the sediment with finer grained 
carbonate. 
Scanning electron photomicrographs of fresh fracture 
surfaces show that both magnesian calcite and dolomite have 
crystallized in an irregular platy habit (Plates 19 and 20). 
The plates are both stacked into aggregate crystals and 
intergrown at randomly intersecting angles.  What appear as 
single grains in thin sections are probably smaller plates 
joined edge-to-edge such that they form an optically continuous 
aggregate.  Individual platelets range from 0.5 to 2.0 ym, 
although intergrowths make this hard to determine from the 
scanning electron photomicrographs. 
In thin section the carbonate grains appear to overlap 
or possibly pit the surface of detrital grains (Plates 16 and 18) 
but scanning electron photomicrographs show that the cement 
encrusts the surfaces of the framework grains, showing no 
evidence of pitting or replacement (Plates 21, 22, 23 and 24). 
The X-ray emission spectra unit on the SEM measured 
approximately equal proportions of magnesium and calcium for 
the dolomite cement in sample 90-7-4, and there was no  indication 
of any substitution for these cations by iron, zinc or manganese. 
The two magnesian calcite-cemented samples, 68-14-1 and 79-34-16, 
yielded strong calcium peaks on emission spectra but only a very 
weak magnesium peak for the former and a small magnesium peak 
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Plate 19:  Scanning electron photomicrograph of magnesian 
calcite cement in Sample 68-14-1 at 5000X magnification.  The 
surface is a fresh fracture coated with carbon.  The magnesian 
calcite shows poor crystallinity as carbonate grains are 
irregularly shaped and not rhombic.  The larger grain faces that 
probably appear as single crystals in transmitted light micro- 
scopy are seen here to consist of many finer grains.  The 
calcite grows in small plates that attach edge-to-edge and 
stack face-to-face.  The X-ray emission spectra of the calcite 
showed a strong calcium peak but a very weak, diffuse magnesian 
peak; XRD yielded an MgCO  content of 6.0 percent.  A contorted 
phyllosilicate grain can be seen in the right center of the 
picture (arrow).  (See Plate 4 for a hand specimen photograph 
of this sample.) 
Plate 20:  Scanning electron photomicrograph of dolomite cement 
in Sample 90-32-5 at 5000X magnification.  This is a fresh 
fracture surface coated with carbon and gold.  The dolomite 
cement shows poor crystallinity as does the magnesian calcite 
in Plate 19.  The dolomite grains are irregularly shaped plates 
that are larger on average (1-2 ym) than the calcite grains 
observed in other samples (see Plate 19).  X-ray emission 
spectra of the dolomite showed no iron, zinc or manganese peaks. 
(See Plate 56, Appendix 8 for a hand specimen photograph of this 
sample.) 
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Plate 21:  Scanning electron photomicrograph of a silt-sized 
quartz grain held in dolomite cement from Sample 90-32-5 at 
600X magnification.  The detrital grains observed on this 
fresh fracture surface were completely cement supported.  The 
grain centered here is encased by dolomite grains but is not 
etched or replaced by them.  The flattened faces of the dolomite 
grains to the right of the centered quartz grain may be a mold 
of a detrital grain that has pulled out during fracturing. 
The X-ray emission spectra of the dolomite shows calcium and 
magnesium but no iron or manganese.  (See Plate 56, Appendix 8 
for a hand specimen photograph of this sample.) 
Plate 22:  Scanning electron photomicrograph of a concoidally 
fractured quartz grain cemented by dolomite in Sample 90-32-5 
at 2300X magnification.  The poorly crystalline dolomite flakes 
show no preferred orientation and do not appear to etch or 
replace the quartz.  (See Plate 56, Appendix 8 for a hand specimen 
photograph of this sample.) 
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Plate 23:  Scanning electron photomicrograph of a broken mica 
flake cemented by magnesian calcite in Sample 79-34-16 at 
1200X magnification.  Part of the mica grain appears to have 
pulled away from this fresh fracture surface, and the cement 
can be seen to form a mold around the removed piece.  The 
cement appears to surround all the detrital and biogenic 
grains visible, providing the major form of grain support and 
filling most of the interstices between the framework grains. 
(See Plate 60, Appendix 8 for a hand specimen photograph of 
this sample.) 
Plate 24:  Scanning electron photomicrograph of magnesian 
calcite flakes forming a mold of a detrital grain in Sample 
79-34-16 at 5000X magnification.  This is a fresh fracture 
where a subhedral detrital grain has pulled out showing the 
fabric of annealed calcite flakes that formed in contact with 
the grain faces.  Note the smoothness of the mold surfaces, 
the lack of calcite flakes protruding into the now open space. 
It appears that the calcite grew around the detrital grain 
without etching or replacing it.  Note also the randomness 
of calcite flake orientation away from the mold surfaces. 
X-ray emission analysis of the cement grains on the mold 
faces showed strong calcium peak with minor peaks for silicon, 
magnesium and aluminum in order of decreasing abundance. 
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for the latter.  X-ray diffraction analysis had assayed these 
samples at 6 mole percent MgCO  and 13 mole percent MgCO 
respectively. 
The aragonite cement present in three sandy samples from 
dredge haul 79-14 is markedly different microscopically from 
the magnesian calcite and dolomite cements described above. 
The aragonite grains are needle-like in form and are often 
clumped together in radially oriented aggregates (Plates 25 
and 26) .  The aragonite needles are up to 600 ]im  long and 10 ym 
in cross-sectional diameter. 
Scanning electron photomicrographs (Plates 27 and 28) show 
that the detrital grains in the aragonitic samples are often in 
grain-to-grain contact with each other while the aragonite needles 
project through the interstices or are clumped in large voids 
between patches of detrital grains.  The hexagonal symmetry of 
aragonite is clearly seen in the prismatic form of the crystals 
and by checks and pits in the needles (Plate 28).  The needles 
often splinter into several smaller needles.  The ends of some 
are regular while others are fractured.  Unlike the magnesian 
calcite and dolomite cements that coat the surfaces of detrital 
grains, the aragonite needles only touch the grains tangentially, 
thus explaining the relative weakness of these three samples. 
Microfossils are present in trace numbers in 15 samples 
and are abundant in two others (Appendix 6). Twelve of these 
samples are mud-rich (<10% sand), four are sandy and one, 
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Plate 25:  Photomicrograph of Sample 79-14-2 under uncrossed 
nichols at 124X magnification.  This is an aragonite-cemented 
silty sand with numerous grains and aggregates of fine-grained 
pyrite.  The aragonite needles have moderately high relief 
compared to the quartz grain in the upper left.  The needles are 
arranged in radial clusters.  Individual crystals are up to 
several hundred microns long.  (See Plate 8, Sample 79-14-5 
for a hand specimen photograph of a similar aragonite-cemented 
sample.) 
Plate 26:  Photomicrograph of Sample 79-14-2 under crossed 
nichols at 124X magnification.  This is a different view 
from that in Plate 25 above, but the needle-like habit and 
radial cluster fabric of the aragonite is the same.  The aragonite 
shows extremely high order birefringence causing detrital grains 
to be underexposed. 
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Plate 27:  Scanning electron photomicrograph of aragonite- 
cemented silty sand in Sample 79-14-2 at 200X magnification. 
The aragonite is very well-crystallized although many prisms 
show broken et^ds possibly resulting from preparation of the 
fracture surface.  The detrital grains are self-supporting 
as the aragonite has grown in the interstices and shows 
tangential contacts with the detrital grains.  The numerous 
botryoidal aggregate grains yield a pure calcium X-ray emission 
spectra and may be incipient aragonite prisms or clusters of 
calcite grains.  The friable nature and relatively high 
porosity of the aragonitic samples compared to the hard, dense 
calcitic and dolomitic samples is explained by the loose packing 
of aragonite needles.  While calcite and dolomite flakes completely 
encircle most detrital grains, the aragonite makes only point 
contacts with the framework grains.  (See Plate 8, Sample 79-14-5 
for a hand specimen photograph of a similar aragonite-cemented 
sample.) 
Plate 28:  Scanning electron photomicrograph of aragonite cement 
in Sample 79-14-2 at 700X magnification.  Note the well- 
crystallized hexagonal prisms of aragonite compared to the poorly- 
crystallized calcite and dolomite flakes seen in other plates. 
The aragonite prisms are commonly splayed and showed crystal- 
lographically controlled pitting On the prism surfaces. 
83 
PLATE   2 7 
PLATE   28 
84 
79-33-5, is a conglomerate, in which microfossils are present in 
the sand-silt-clay matrix.  All of the microfossils observed are 
foraminifera, and most are well-preserved, unbroken and uncrushed 
(Plate 29).  The original carbonate tests have recrystallized to 
grains 10 to 30 ym in diameter.  The void space of many chambers 
has been filled with optically continuous carbonate cement, and 
some enclose crystals of apparently diagenetic pyrite (Plate 29). 
The foraminifera are found in both magnesian calcite- and dolomite- 
cemented samples. 
Veins and fractures are common in the carbonate-cemented 
samples.  Plate 30 shows a glauconite-rich silty-clayey sand 
(sample 90-28-1) cemented by magnesian calcite that is cut by 
a vein of calcite.  The vein filling is slightly coarser grained 
than the matrix cement.  After cementation and veining the 
cemented sediment was fractured, and the fracture was lined with 
carbonate grains up to 75 ym in diameter.  In other samples 
(90-3-1, A;   W7809C-20 C-l, H-l) dark veins are caused by concen- 
trations of opaque grains (Plate 31) or the introduction of 
darker detrital sediment (Plate 32), probably richer in clays. 
Carbonate veins are much more common than the types of 
veins mentioned above.  Many of the carbonate veins are probably 
completely filled fractures formed during and not after 
cementation.  This is indicated by the fact that the vein-filling 
carbonate is usually slightly coarser grained than the carbonate 
in the cement/matrix, but the vein cement grades into the cement/ 
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Plate 29:  Photomicrograph of an uncrushed foraminifera test 
in Sample 79-33-5 under uncrossed nichols at 306X magnification. 
The sample is a magnesian calcite-cemented conglomerate containing 
clasts of mudstone, detrital silt, sand-sized quartz and feldspar, 
very fine grained pyrite and trace numbers of microfossils.  This 
microfossil is composed of recrystallized calcite with aggregate 
of diagenetic pyrite and possibly geopetal cement/matrix infilling 
in one chamber.  Foraminifera are the only microfossil forms 
observed in the calcite- and dolomite-cemented samples.  (See 
Plate 3 for a hand specimen photograph of this sample.) 
Plate 30:  Photomicrograph of Sample 90-28-1 under uncrossed 
nichols at 45X magnification.  The framework sediment is clayey, 
silty glauconite sand that has been cemented by magnesian calcite. 
Note the near opaqueness of the cement/matrix in the main body 
of the sample compared to the translucent nature of the vein- 
filling cement.  The calcite in the vein that cuts the sample 
is slightly coarser grained than what is common for calcite 
cement in the various samples (5-10 ym in diameter vs. 5 ym, 
respectively).  The open fracture is lined by a younger generation 
of coarse (10-75 ym diameters) calcite (see arrows).  (See 
Plates 51 and 52.  Appendix 8 for hand specimen photographs of 
this sample.) 
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Plate 31:  Photomicrograph of an opaque-rich vein in Sample 
90-3-4 under uncrossed nichols at 45X magnification.  This 
rock consists of magnesian calcite-cemented silt with several 
dark bands or veins like the one pictured here (see Plate 1). 
The opaque-rich vein appears to be offset left laterally along 
the calcite-filled fracture cutting the sample in half.  Note 
the darkness of the cement/matrix compared to the calcite filling 
the fracture.  A foraminifera test can be seen in the upper half 
of the opaque-rich vein. 
Plate 32:  Photomicrograph of a dark glauconite-rich vein in 
Sample 90-3-1 under uncrossed nichols at 45X magnification.  The 
vein of foreign sediment is apparently of pre-carbonate origin 
as it is as well-cemented as the host sediment and the cement 
shows no morphological change across the host rock-vein contact. 
The large light-colored grains in the vein are glauconite 
while the thin-walled bright white grains and fragments are 
foraminifera tests.  The cement is magnesian calcite.  (See 
Plate 6 for a hand specimen photograph of this sample.) 
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matrix with no discernable change in grain shape or fabric 
(Plates 33 and 34).  Some partially filled fractures show two 
generations of carbonate:  the fracture wall is lined with a 
thin layer of carbonate grains <10 ]Jm in diameter, which is in 
turn lined by a thicker layer of carbonate grains up to 75 ym 
in diameter. 
Analysis of Lithologically Similar Samples 
USGS Aleutian Trench-Slope Samples 
The seven splits of carbonate-cemented sediments from a 
dredge haul taken on the Aleutian trench-slope (see Appendix 2 
for location) appear identical in character to the Washington- 
Oregon slope carbonate-cemented samples.  In hand specimen 
(Plates 35 and 36; see Appendix 3b for macroscopic descriptions) 
the Aleutian trench-slope samples are indistinguishable from the 
Washington-Oregon slope samples; the former are dense, hard 
cobble-sized rocks that show evidence of weathering.  The 
detrital framework grains of five of the Aleutian trench-slope 
splits are predominantly silts and clays, but the other two splits 
(4-2A and 4-2D) are conglomeratic, containing numerous granule- 
sized mudstone clasts that are internally uncemented. 
The carbonate content of each split was determined (Table 6), 
and two splits were analyzed for carbonate mineralogy by X-ray 
diffraction; the carbonate in the other splits was identified by 
staining (Table 6).  The cement is low-magnesian calcite, although 
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Plate 33:  Photomicrograph of Sample 63-9-2 under uncrossed 
nichols at 124X magnification.  This sample is a texturally 
patchy magnesian calcite-cemented silt cut by several small 
veins of the calcite.  To the left of the vein cutting the 
field of view is an area of coarse silt while to the right is a 
patch of fine silt.  Note again the darkness of the cement/matrix 
compared to the calcite in the vein and the cement seen in earlier 
plates of sandy samples.  Very fine grained pyrite is dispersed 
throughout the sample, but a concentration of it can be seen in 
the upper central portion of this view (see arrow).  The pyrite 
here is partially enclosed by a recrystallized foraminifera 
chamber.  Box indicates the area seen under higher magnification 
in Plate 34 below.  (See Plate 54, Appendix 8 for a hand specimen 
photograph of this sample.) 
Plate 34:  Photomicrograph of Sample 63-9-2 under crossed 
nichols at 619X magnification.  This plate shows a closeup 
of part of the vein seen in Plate 33 above (see box).  The vein 
has worn through in two spots during grinding of the section. 
Note the lack of a distinct border between the cement in the vein 
and the cement in the host rock.  In this sample the vein calcite 
is not noticeably coarser grained than that in the body of the 
sample; it is just clearer because of the lack of detrital grains. 
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Plate 35:  Photograph of USGS Aleutian trench-slope sample S7-79-W6 
DH4 splits 1A, 1C, IB and 2B (clockwise from upper left).  All but 
split 4-1A are hard, dense, well-cemented dark greenish gray 
(5GY 4/1) calcite-cemented mudstones; split 4-1A is less dense and 
less well-cemented than the other three (see Table 6 for carbonate 
content data).  The samples show no bedding or parting.  A well- 
developed olive gray (5Y 6/1) weathering crust (0-5 mm in thick- 
ness) is present on split 4-lB while the other splits show smooth 
rounded surfaces but no distinct crusts (this photograph shows 
fractured surfaces on most splits as they were broken prior to 
shipment so that a reference split could be saved). 
Plate 36:  Photograph of USGS Aleutian trench-slope sample S7-79-W6 
DH4 split 2D.  This well-weathered rock consists of very hard, 
dense dark greenish gray (5GY 4/1) calcite-cemented conglomeratic 
sediment.  The sample contains sand-to granule-sized mudstone 
clasts that are internally uncemented.  The surface is pitted and 
gives every indication that it was being actively dissolved by the 
ambient waters from which it was sampled. 
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TABLE  6. 
CARBONATE  CONTENT AID MINERALOGY  OF SPLITS  FROM 
IISGS ALEUTIAN TRENCH-SLOPE  SAMPLE  ST-T9-W6  DHl+ 
Split We: Lght Perce mt Carbonate 
Number CaCO„ Mineralogy* 
1A 50 C 
IB 61+ C# 
1C 62 C 
2A 59 C# 
2B 68 C 
2C 62 C 
2D 62 C 
C = low-magnesian calcite; # denotes splits analyzed 
by X-ray diffraction, others were analyzed using the 
staining technique. 
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the calcite diffraction peak for split 4-1B showed a strong shoulder 
to the high-magnesian side.  The carbonate content of the Aleutian 
trench-slope samples ranged from 50 to 68 percent, which overlaps 
with the range observed for the Washington-Oregon slope samples 
(Figure 6). 
Thin sections were prepared of splits 4-1C and 4-2C.  The 
calcite cement is microcrystalline (generally <5 urn in diameter) 
and the grains are irregularly shaped, showing a mosaic fabric 
like that seen in carbonate-cemented samples from the Washington- 
Oregon slope (see Plate 15).  The cement/matrix of the Aleutian 
trench-slope samples is dark brown and the cement grains and detri- 
tal matrix grains are indistinguishable from each other at the 
standard thickness (0.3 mm) of a thin section.  Framework grains 
are cement/matrix supported in the two thin sectioned splits 
(4-1C and 4-2C).  A few calcite-filled fractures are present in 
the samples, but no microfossils were noted in the two thin 
sections. 
DSDP Carbonate-Bearing Samples 
Splits from fourteen carbonate-bearing to carbonate-rich 
intervals from cores taken at five DSDP Sites in trench-slope 
environments were examined.  Two sites, 174A and 175, are 
located off Oregon; one, 178, is situated off southern Alaska; 
and two, 184 and 189, are located along the Aleutian Island 
chain (see Appendix 2).  Macroscopic descriptions are presented 
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in Appendix 3c.  The splits were analyzed for carbonate content 
(Table 7) and the carbonate mineralogy of nine splits was 
determined by X-ray diffraction (Table 7).  Thin sections were 
prepared of the seven splits containing at least 20 percent 
carbonate. 
The DSDP samples can be divided into low and high-carbonate 
groups as were the Washington-Oregon lower slope specimens. 
Seven of the splits are indurated but uncemented muds containing 
less than 15 percent carbonate, and these samples are easily 
dissagregated by hand (Plate 37).  Six of the DSDP splits contain 
more than 25 percent carbonate, and these are all dense, well- 
cemented silty sands or conglomerates that cannot be broken 
without a hammer (Plates 38 and 39).  Plates 37, 38 and 39 show 
that framework sediment textures in carbonate-cemented layers 
cored by the DSDP off Oregon and the Aleutian Islands cover the 
same range as those of the carbonate-cemented samples dredged 
on the Washington-Oregon slope ridges.  Similarly, the mudstone 
clasts in sample 178-48-1 (144-148 cm) are internally uncemented 
(Plate 39; compare to sample 79-33-5, Plate 3). 
One split, 178-17-2 (136-138 cm), contains 20 percent 
carbonate but most closely resembles the low-carbonate splits. 
This intermediate-carbonate interval is a thinly laminated cross- 
bedded silty sand with interbedded layers of clayey silt and it 
shows a sharp contact with an indurated clay layer (Plate 40). 
The carbonate cement in these DSDP samples is mostly 
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TABLE 7. 
CARBONATE CONTENT AND MINERALOGY OF SPLITS 
FROM CORES OF THE DEEP SEA DRILLING PROJECT 
Weight 
Sample Percent Carbonate Mole Percent 
Number* (Mg,Ca)CO„ Mineralogy** MgCO^ 
17UA-39-2(0-2) 12 MC 6.0 
17UA-39-2(9-10) 12 
17UA-39-3(119-123) 7 
17UA-U0-U(118-120) 55 MC 7.0 
175-19-2(33-35)        13 
178-17-2(136-138) 20 
178-U1-CC 37 
178~U8-l(lHU-lU8) Uo 
178-51-1(72-76) 38 
l8U-22-6(lUU-lU8) 50 
l8UB-l-2(lU2-lU5) 12 
189-11-2(26-28) 7 
i89_ili-i(l+5-li9) 32 
l89-lU-2(77-79) 5 
MC 12.0 
MC 11.0 
MC 11.0 
MC 15.0 
MC 5.0 
MC >15-0 
C 3.0 
* 
Sample number consists of four parts:  first part = DSDP Site 
number; second part = core number; third part = section number; 
the numbers in parentheses indicate the depth within the sec- 
tion in centimeters from which the split was taken. 
Carbonate mineralogies determined by X-ray diffraction: 
MC = magnesian calcite; C = low-magnesian calcite. 
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Plate 37:  Photograph of DSDP Sample 175-19-2 (33-35 cm) cored 
at an in-hole depth of 168.4 m.  This split is representative of 
the "carbonate-rich" silty clay cored in Unit 2 (120-233 m) at 
Site 175 in a sediment pond inter-ridge basin on the lower slope 
off Oregon (see Appendix 2).  The sediment contains 12 percent 
carbonate by weight and, although firm, it is not well-cemented. 
The sediment is medium gray (N6) to light olive gray (5Y 6/1) 
when wet.  Bar at right of sample is 1 cm in length. 
Plate 38:  Photograph of DSDP Sample 189-14-1 (45-49 cm) cored 
at an in-hole depth of 74 3.5 m.  The sample is a hard, dense 
magnesian calcite-cemented lithic fragment sand layer cored at 
743.5 m below the sediment surface on a deeply submerged (1910 m) 
ridge at the base of the north flank of the Aleutian ridge (see 
Appendix 2).  The cement is very light brownish gray (5YR 8/1) 
when wet and completely fills the interstices between framework 
grains.  The sample contains 33 percent carbonate and in thin 
section the carbonate appears to have originally precipitated 
as micrite, but it is recrystallizing to grains up to 200 m in 
diameter (see Plate 42).  Small detrital grains are enclosed in 
these coarser cement grains. 
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Plate 39:  Photograph of DSDP Sample 178-48-1 (144-148 cm) cored 
at an in-hole depth of 535.5 m.  This sample is a silty mudstone 
clast conglomerate that was cored on the western Alaska Abyssal 
Plain between the Aleutian Trench and Giacomini Seamount (see 
Appendix 2).  The sample contains 40 percent carbonate and is 
cemented by magnesian calcite.  The cement/matrix contains very 
fine-grained pyrite and consists mostly of micritic calcite that 
has not begun to recrystallize. 
Plate 40:  Photograph of DSDP Sample 174A-40-4 (118-120 cm) 
cored at an in-hole depth of 774.2 m.  This sample is a hard, 
thinly laminated olive gray (5Y 4/1) claystone cemented by calcite. 
The lineations running diagonally from the upper right to lower 
left are bedding laminae; the other lines are saw marks.  In hand 
specimen and thin section this sample is difficult to dis- 
tinguish from many of the lower slope ridge high-carbonate 
rocks.  The sample contains 55 weight percent calcite. 
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magnesian calcite, but the fabric is variable.  The cement in 
split 174A-40-4 (118-120 cm) is micritic with irregularly shaped 
grains (Plate 41).  The cement in the other high-carbonate 
samples appears to be recrystallized micrite; the outline of 
micritic grains is still visible within the patches of optically 
continuous recrystallized cement (Plate 42).  Most of these 
samples show some grain-to-grain contacts between framework 
detrital grains, but the patches of recrystallized cement in 
split 189-14-1 (45-49 cm) are so coarse-grained (up to 200 lim 
in diameter) that fine-grained detrital grains are now seen as 
inclusions in the cement. 
Sample 178-17-2 (136-138 cm), the intermediate carbonate 
split, is cloudy in thin section, probably due to a high 
percentage of clay in the detrital fraction.  Micritic calcite 
grains are present, but they are mostly floating in the 
detrital matrix.  In the high-carbonate splits the cement fills 
all the spaces between framework grains as it does in most of the 
high-carbonate samples from the lower slope off Washington and 
northern Oregon. 
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Plate 41:  Photomicrograph of DSDP Sample 174A-40-4 (118-120 cm) 
under crossed nichols at 306X magnification.  The microcrystalline 
magnesian calcite grains dominate this picture of a well-cemented 
mudstone layer in Unit 2 (284-879 m) on Astoria Kan off Oregon 
(see Appendix 2).  The carbonate grain size, shape and fabric are 
identical to that seen in carbonate-cemented samples from the lower 
slope ridges just landward of this site.  This sample contains 
55 percent carbonate and a small amount of widely dispersed 
microcrystalline pyrite.  (See Plate 40 for a hand specimen photo- 
graph of the sample.) 
Plate 42:  Photomicrograph of DSDP Sample 189-14-1 (45-49 cm) under 
crossed nichols at 306X magnification.  The sample is taken from 
a layer of lithic fragment sandstone cemented with magnesian 
calcite cored at the southwestern corner of the Umnak Plateau just 
north of the Aleutian Islands (see Appendix 2).  The cement was 
originally precipitated as micrite but as seen here is 
recrystallizing to coarser grained patches (up to 200 ym in 
diameter) .  The outline of micritic grains (5 |im in diameter) is 
still visible in the recrystallized patches but the micritic grains 
now show optical continuity within a single recrystallized patch. 
(See Plate 38 for a hand specimen photograph of this sample.) 
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DISCUSSION AND CONCLUSIONS 
Effect of Water Depth and Relative Position of Samples on the 
Occurrence of Carbonate 
The lower slope ridges off Washington and northern Oregon 
and those off northernmost California become progressively younger 
from east to west (Silver, 1971; Carson, et al., 1974).  One 
might ask whether there is a correlation between the distance 
from a dredge haul site to the point of active accretion (a 
rough estimate of relative age of the deposits sampled (Carson, 
1977)) and the presence or absence of carbonate in samples from 
that dredge haul.  The same question could be posed regarding 
the water depth of a sample site, as the waters of the North 
Pacific become increasingly undersaturated with respect to 
carbonate with increasing water depth (Milliman, 1974). 
The carbonate-cemented sediments from the Washington-Oregon 
and northernmost California lower continental slopes (Figure 8) 
are apparently not restricted in distribution by either the depth 
below sea level or the distance from the point of active 
accretion.  Samples of high- arid low-carbonate cover nearly 
identical ranges aerially and bathymetrically; in fact, seven 
dredge hauls off Washington and northern Oregon recovered both 
high- and low-carbonate lithologies.  Hypotheses as to the source 
of carbonate and mechanism of precipitation must account for this 
wide areal and temporal sample distribution. 
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The one restriction that the data (Figure 8) do appear to 
support is a depth control on the presence of dolomite versus 
magnesian calcite.  The dolomite samples cluster at a shallower 
depth than do the magnesian calcite samples.  The average depth 
of dolomitic samples is 885 m while the average depth of calcitic 
samples is 1386 m.  If the dolomite is indeed secondary as 
suggested earlier, then the dolomitization process may be 
related to a depth controlled chemical or physical parameter of 
the sea water in these regions, although the specific parameter 
responsible can not be determined from the data presented here. 
Stratigraphic Position of the Cementation Process 
Microscopic analysis of the samples shows that all but a 
trace amount of the carbonate is present as microcrystalline 
cement precipitated interstitially in a framework of detrital 
grains.  Since the surrounding uncemented mudstones show little 
evidence of having been the source of the carbonate (carbonate 
contents <20 weight percent, yet containing whole foraminifera 
(Barnard, 1973, 1978; Carson, 1977)), carbonate-rich solutions 
must have originated from some other sources.  Two parameters 
that would have had a major influence on the circulation of these 
fluids are the porosity and permeability of the host sediment and 
of the surrounding mudstone.  The carbonate content and size 
analysis data provide some insights to the state of these 
parameters at the time of cementation. 
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The high-carbonate samples show a strong positive correlation 
between the weight percent carbonate and the mean phi size of the 
detrital framework grains (Figure 9), but the low-carbonate 
mudstones do not follow the trend (Figure 9).  Linear regression 
on the high-carbonate data defines the line: 
y = 4.702 + 8.493x 
where y = weight percent carbonate, and 
x = mean phi size  of the framework grains. 
The regression has a correlation coefficient of 0.80, and is 
significant at the 99 percent confidence level.  This strong 
correlation suggests that the amount of carbonate that precipitated 
as cement was related to, and perhaps controlled by, the mean grain 
aize of the host sediment. 
This relationship is further clarified by comparing the 
weight percent carbonate to the sand-to-mud ratio in the detrital 
framework (Figure 10).  The high-carbonate data indicate that all 
samples with greater than 57 percent carbonate have sand-to-mud 
ratios less than 0.25, and many contain no sand at all (see 
Figure 7).  All of the sand-rich (>20 percent sand) samples have 
less than 57 percent carbonate; in fact, no sample with more sand 
than mud (ratio >1.0) contains more than 50 percent carbonate. 
There are also a few mud-rich samples which contain between 25 
and 57 percent carbonate. 
These trends are explained by the relationship between the 
carbonate content and the porosity of the host sediment prior to 
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Figure 9.  Weight percent carbonate (Appendix 4) versus the mean 
phi size of the framework sediment (Appendix 5).  Dashed line 
separates the high- and low-carbonate samples.  Regression line 
for high-carbonate samples is defined in the text. 
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cementation.  Since the carbonate cement is precipitated in the 
void space of the detrital sediment, the pore volume at the time 
of cementation places an upper limit on the amount of cement that 
can be deposited, assuming that carbonate deposition does not 
expand the pore volume. 
With the carbonate content of a sample limited by the 
porosity of the host sediment prior to cementation, a minimum 
value for the initial porosity can be calculated by converting 
the measured weight percent carbonate to a volume percent.  The 
conversion is made by using the respective densities of the 
-3 
carbonate cement (taken here as the density of dolomite, 2.90 g cm  ) 
and the detrital material (taken here as the density of quartz, 
-3 
2.65 g cm  ).  The conversion equation is: 
Volume percent carbonate = 
-3, (wt. % carb./2.90g cm 
x 100% 
-3 -3 (wt.% carb./2.90g cm  ) + (wt.% noncarb./2.65g cm  ) 
A conversion table is presented in Table 8.  Using slightly 
different density estimates for either fraction does not change 
these values significantly.  Table 8 shows that the weight percent 
carbonate is a fairly good estimate of the volume percent carbonate 
and, in turn, the minimum initial porosity of the detrital sediment. 
It should be noted that these estimates are indeed minimum 
porosities as shown by the residual (post-cementation) porosities 
that Barnard (1973) and Carson (1977) measured for eleven high- 
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TABLE 8. 
VOLUME PERCENT CARBONATE AS CALCULATED 
FROM MEASURED WEIGHT PERCENT CARBONATE 
Measured Calculated 
Weight Percent* Volume Percent** 
80 78.5 
75 73-3 
70 68.1 
65 62.9 
6o 57.8 
55 52.8 
50 U7.8 
U5 1+2.8 
ko 37-9 
35 33.0 
30 28.1 
25 23.U 
* 
Determined using the technique of Molnia 
(197M. 
Conversion equation presented and 
explained in text. 
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carbonate samples (Table 9).  Samples that contain as much as 
77 percent carbonate by weight (75.4 percent by volume) can have 
residual porosities as high as 16 percent. 
Freshly deposited muds often have porosities of 70-90 
percent, but porosity decreases rapidly in the first few meters 
of burial (Emery and Rittenberg, 1952; Muller, 1967; von Huene, 
Piper and Duncan, 1973).  Maximum porosities in loose sand are 
in the range of 45-50 percent; in silt, 55-60 percent (Beard and 
Weyl, 1973; Pettijohn, 1975). 
The mud-rich detrital fractions of samples containing 
57-82 weight percent carbonate (Figure 10) had to have had 
porosities of at least 54.8-80.6 percent at the onset of carbonate 
precipitation.  Sandy detrital sediments containing 27-55 weight 
percent carbonate (Figure 10) must have had porosities of 
2 5.3-52.8 percent.  Compared to the porosity values for freshly 
deposited sediments, these minimum initial porosity estimates 
indicate that the detrital framework grains were loosely packed at 
the time of cementation. 
If, as the void ratio data (Table 9) indicate, these 
porosities underestimate the initial porosities of the host 
sediments by 15 percent or more, then the sediments could not have 
been buried very deeply if at all at the time of cementation. 
Thus, carbonate cementation appears to have taken place at or 
within a few meters of the sediment-water interface prior, to 
compaction by either overburden pressures or tectonically induced 
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TABLE 9- 
COMPARISON OF WEIGHT PERCENT CARBONATE, VOID RATIO 
AND CORRESPONDING POROSITY FOR SELECTED SAMPLES* 
Measured Calculated 
Weight (Po st- Cementation) 
Sample Percent Measured Porosity (Percent) From 
Number** (Mg,Ca)CO„ Void Ratio Void Rat io Measurement 
79-1^-2 28.1 0.53 3U.6 
79-33-3 30.8 0.39 28.1 
79-3^-1 3^.5 0.50 33.3 
79-33-5 Ul.8 0.22 18.0 
79-3U-3 U9.I 0.1+0 28.6 
79-27-5 60.9 0.22 18.0 
68-15*** 6k. 0 0.21 17.1+ 
79-33-2 6h.2 0.29 22.5 
79-3^-2 70.7 0.19 16.0 
68-1)4*** 71.7 0.22 18.0 
90-3-6 76.8 0.27 21.3 
Carbonate contents are listed in Appendix 5; Void ratios were 
calculated by Barnard (1973) and Carson (1977). 
Sample number has three parts:  first part = cruise number; 
second part = dredge number; third part = split number. 
*** 
The void ratio numbers for these samples were identified 
according to split number by Barnard (1973) so an average 
carbonate content for the splits in each dredge has been used. 
The splits within each dredge are very uniform. 
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compressive stress caused by subduction and consequent offscraping 
of Cascadia Basin sediment (Carson, 1977). 
The conclusion that the host sediments were uncompacted at 
the time of cementation is supported by the presence of uncrushed 
foraminifera tests in 17 of 40 samples examined microscopically 
(Appendix 6).  The microfossils occur mostly in muddy samples, but 
one conglomeratic sample (79-33-5, see Plate 3) contained uncrushed 
tests in the cemented matrix (see Plate 29).  The ubiquitous lack 
of lamination or fissility in the mud-rich high-carbonate samples 
also lends support to the hypothesis that cementation preceded 
compaction, which commonly results in realignment of clay-sized 
material, from a random orientation to a preferred orientation 
perpendicular to the compressional stress (Von Engelhardt and 
Gaida, 1963) . 
Cementation is apparently an early diagenetic process, 
acting near the sediment-water interface before the sediments have 
compacted.  A similar conclusion was reached by the workers cited 
earlier that studied carbonate concretions in ancient shale beds 
(Weeks, 1953; Clifton, 1957; Raiswell, 1971, 1976; Hudson, 1978). 
Raiswell (1971) used carbonate content to estimate initial frame- 
work sediment porosities and arrived at values as high as 70 percent. 
The effect of porosity is clear; it restricts the amount of 
carbonate that can ultimately be deposited in a sediment body. 
Nevertheless, there is considerable variability in the carbonate- 
detrital texture relationship (Figures 9 and 10).  R-mode 
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principal components analysis was employed to consider the 
relationship to several size distribution parameters to the 
carbonate content simultaneously.  R-mode analysis using size 
fraction weight percents and carbonate content data was also 
attempted, but this proved inconclusive and will not be 
discussed here. 
The correlation coefficients relating weight percent 
carbonate to the other variables are 0.80 for mean phi size, 
-0.66 for the ratio of sand to mud, -0.46 for skewness, -0.25 for 
kurtosis and -0.03 for standard deviation.  The lack of a strong 
correlation between the carbonate content and either skewness, 
kurtosis, or standard deviation indicates that, individually, 
these parameters have little influence over the amount of 
carbonate that is precipitated. 
The combined influence of the five size analysis parameters 
was tested by ranking the high-carbonate samples on the basis of 
carbonate content, running an R-mode analysis on the five parameters 
of the ranked samples and clustering on the factor scores (Appendix 
7) computed by the R-mode analysis.  Two factors were extracted, 
accounting for 87.3 percent of the total variability, but the cluster 
dendrogram (Figure 11) failed to group the samples well according 
to carbonate rank. 
The procedure was repeated using the three parameters with 
the highest correlation coefficients relative to carbonate content: 
mean phi size, the ratio of sand to mud, and skewness (R-mode 
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CARB. SAMPLE NO. 
RANK * 
13 79 - 33 - 9 
28 79 -33 - 10 
37 73-33 - 2 
48 79-34 - 2 
54 90 -   7 - 5 
58 90 -28 - 4 
5 1 79 -33 - 15 
32 79 -27 - 5 
39 90 -32 - 2 
53 90 -   3 - 6 
23 79-34 - 3 
44 79 -33 - 1 
25 90 -32 - 1 
3 1 W78    A - 1 
43 90 -32 - 5 
49 90-28 - 3 
30 79 - 14 - 3 
47 90-32 - 4 
10 79 -34 - 9 
45 79 -34 - 4 
52 90 -   3 - 2 
55 90 -   3 - 3 
34 63 -   9 - 2 
4€ 68 - 14 - 2 
35 79 -33 - 19 
40 68 - 15 - 1 
8 79-34 - 1 
36 79 -33 - 12 
38 79 -27 - 3 
33 68 - 15 - 2 
50 68-14- 1 
42 W78   D - 1 
56 90 -   3 - 4 
57 90 -   3 - 1 
4 1 90-32 - 3 
17 79 -33 - 7 
2 1 79-33 - 1 1 
26 W78    C - 2 
5 79-33 - 3 
1 79 - 1 1  - 4 
4 90 -   7 - 4 
12 W78    C - 1 
2 90 -  7 - 1 
6 W78    H - 1 
7 79 - 1 1 - 2 
9 79 - 1 1 - 3 
3 79- 14 - 2 
22 79- 14 - 9 
14 79 - 14 - 5 
1 1 79-34 - 17 
18 79-33 - 6 
29 90-28 - 2 
16 79-33 - 13 
24 90 -28 - 1 
27 W78   G - 1 
19 79-34 - 14 
20 90-28 - 5 
15 79 - 14 - 13 
0.0 
I 
0.2 
1 
0 3 0.4 
I 
u 
*Carbonate rank increases 
as carbonate content 
increases. 
!=H 
Figure 11.  Cluster dendrogram for 58 high-carbonate samples. 
Distance function was calculated using R-mode normalized factor 
scores (Appendix 7) for the following input variables:  Sand/Mud, 
Mean 0 size, Standard Deviation, Skewness, and Kurtosis of the 
framework sediments (Appendix 5). 
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analysis requires a minimum of three input variables).  The 
factor analysis extracted two factors again, but it now 
accounted for 95.5 percent of the total variability.  The 
cluster dendrogram groupings (Figure 12) are better than those 
for all five parameters, but there is still a considerable amount 
of mixing of high and low rank samples. 
It is not unexpected that the size distribution data 
cannot fully account for the variability of carbonate contents. 
The void ratio data in Table 9 show that the degree of 
cementation varies considerably, and there is no way to determine 
if a small but variable amount of compaction has affected some 
of the host sediments prior to or during cementation.  Changes 
in the permeability of surrounding sediment could have slowed 
or cut off the flow of carbonate source solutions.  In fact, 
one could hypothesize many other factors that might change the 
final carbonate content of two sediments with exactly the same 
detrital grain size distribution.  Despite these uncertainties, 
the carbonate content and size distribution data do establish 
the relative position of cement implacement within the sediment 
column; that is, near the sediment-water interface. 
Areal Position of the Cementation Process 
The question remains unanswered as to where the uncompacted 
framework sediments were located at the time of cementation. 
Were they atop the lower slope ridges where the samples were 
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W78 H - I 
W78 C - I 
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Figure 12.  Cluster dendrogram for 58 high-carbonate samples. 
Distance function was calculated using R-mode normalized 
factor scores (Appendix 7) computed for the following input 
variables:  Sand/Mud, Mean 0 size, and Skewness of the framework 
sediments (Appendix 5). 
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collected, near the surface of the sediment column in 
Cascadia Basin where the ridge forming sediments were originally 
deposited (Carson, et al., 1974), or somewhere in between these 
two locations?  Some answers are provided by comparing the 
texture of the carbonate-cemented samples' framework grains to 
the texture of the sediments in Cascadia Basin. 
The nearsurface sediments of southern and northern Cascadia 
Basin can be divided biostratigraphically into Late Pleistocene 
and postglacial (Holocene) units (Duncan, 1968; Carson, 1971). 
The sediments of both units can be splil into two lithologic 
groups, hemipclagic lutites and turbidite sand/silt layers. 
Overall, lutites comprise 70 percent of the Holocene sediments in 
the basin, but turbidite layers are much more common in the Late 
Pleistocene deposits than they are in the postglacial sediments 
(Duncan, 1968, Carson, 1971). 
The Late Pleistocene hemipelagic lutites are almost 
exclusively silty clays and clayey silts while the turbidites range 
from silty clays to silts to sands (Figure 13; Duncan, 1968; 
Carson, 1971).  The textural properties of the low-carbonate 
mudstones from the lower slope ridges (Figure 7a) very closely 
match those of the Late Pleistocene hemipelagic lutites.  The 
textural properties of the framework sediments of the lower slope 
high-carbonate samples (Figure 7b), however, cover the same range 
as those of the Late Pleistocene turbidites. 
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CLAY 
SAND SILT 
(a) LATE PLEISTOCENE LUTITES 
CLAY 
SAND 
(b) LATE PLEISTOCENE TURBIDITES 
SILT 
Figure 13.  Textural properties of (a) Late Pleistocene hemipelagic 
lutites and (b) Late Pleistocene turbidite layers from Cascadia 
Basin.  Data from Duncan (1968) and Carson (1971).  Ternary diagrams 
after Shepard (1954). 
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Since the lower slope ridges were formed by consolidation 
and uplift of Cascadia Basin sediments (Carson, et al., 1974), it 
is clear that the carbonate-cemented samples formed by the selective 
cementation of unconsolidated turbidite layers while most of the 
accompanying lutites were left uncemented (it must be remembered 
that the data plotted in Figure 7a underrepresents the low- 
carbonate mudstones on the lower slope where they are the dominant 
lithology).  Not all turbidites were cemented as evidenced by the 
few low-carbonate siltstones and the single clayey sandstone 
(Figure 7a) and uncemented turbidites layers that may not have 
been sampled by dredging. 
Turbidite and hemipelagic deposition dominated sedimentation 
in Cascadia Basin throughout the Pleistocene (Duncan, 1968; Carson, 
1971; Kulm, von Huene, et al., 1973a); the period during which most 
of the lower slope ridges formed (Barnard, 1973, 1978).  These two 
modes of sedimentation have also predominated on the lower slope as 
studies of sediments filling lower slope inter-ridge basins and 
submarine canyons have shown (Barnard, 197 3, 1978; Kulm, von Huene, 
et al., 1973b).  Barnard (1973), however, concluded that the lower 
slope ridges are areas of nondeposition, unaffected by bottom- 
seeking turbidity currents, and probably swept clean of hemipelagic 
deposits by the action of deep ocean water currents. 
Whether the high-carbonate sediments were cemented on the 
lower slope ridges are not, the framework turbidites had to have 
been uplifted along with all the underlying ridge material since 
9 
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deposition does not occur on the ridges.  These framework 
sediments were initially, therefore, Cascadia Basin deposits, 
not lower slope sediments.  Furthermore, since any sediments 
deposited west of the base of the slope would be buried (and 
compacted) beneath younger sediments as they were transported 
landward toward the accretionary front by motion of the under- 
lying  oceanic plate, the framework sediments sampled were 
probably deposited in Cascadia Basin near the base of the slope. 
Most of the consolidation and dewatering of Cascadia 
Basin sediments occurs in a narrow zone at the base of the 
continental slope prior to uplift, as evidenced by the presence of 
indurated mudstones on the seaward flanks of the western-most 
lower slope ridges (Barnard, 1973; Carson, 1977).  If this is 
indeed the case, and if the consolidation and dewatering involves 
nearsurface as well as buried sediments as maintained by Carson 
(1977), then carbonate cementation may also precede uplift, for 
uncompacted Cascadia Basin turbidites to become carbonate 
cemented. 
If carbonate cementation occurs in Cascadia Basin before 
nearsurface sediments are consolidated and uplifted, it could 
explain the lack of control over carbonate occurrence by water 
depth at the sampling site or the relative distance from the 
point of active accretion of deposits collected at a particular 
dredge haul site (see Figure 8).  If this scenario is correct. 
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the areal and bathymetric position where a high-carbonate sample 
was collected would be a function of the post-cementation tectonic 
history of a particular ridge.  In fact, the common occurrence 
or weathered surfaces on the high-carbonate samples indicates 
that they are presently being eroded at the sampling sites, not 
actively cementing. 
Possible Sources of Carbonate and Mechanisms of Cementation 
The mechanisms by which carbonate could be precipitated in 
the uncompacted framework sediments (of the high-carbonate samples) 
are limited by the potential sources of carbonate.  Three potential 
sources of carbonate exist:  1) organic matter and ash beds in 
the sediments, 2) carbonate dissolved in the overlying water 
column, and 3) carbonate present in the underlying sediment column. 
1) Organic matter and ash beds in the sediment 
Hein, et al. (1979) proposed that carbonate cementation of 
some clastic beds cored on DSDP Leg 19 utilized bicarbonate and 
carbonate ions derived from microbiological oxidation of organic  * 
matter (Table 10, equations A, B, C, and D) and cations from 
alteration of andesitic ash beds (Table 10, equation E). 
However, they proposed that the cementation occurred at depth 
(400-1100 m) in the sediment column and at elevated temperatures 
(7-85°C).  Since the high-carbonate samples studied here were 
uncompacted at the time of cementation, the conditions invoked 
by Hein, et al. (1979) could not have existed during carbonate 
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TABLE 10. 
MICROBIOLOGICAL REACTIONS AFFECTING CARBONATE 
IN THE SEDIMENT/PORE WATER ENVIRONMENT 
CH 0 represents organic matter compounds in the following 
reactions: 
A)  Aerobic oxidation of organic matter* 
CH20 + 02 -► C02 + H20 
0  Anaerobic nitrate reduction* 
5CH20 + i+N0"-+ 2N2 + 4HC0~ + CO  + 3H 0 
C)  Anaerobic sulphate reduction* 
2CH 0 + SO,^ H_S + 2HC0 ~ 2     4   2       3 
D) Biogenic methane production* 
2CH20 + 2H20 -> 2C02 + 8(H) followed by 
8(H) + C0o -> CH, + 2H 0 2    k 2 
Reactions A to D result in the liberation of carbon from 
organic matter in the form of carbon dioxide and/or 
bicarbonate ions. It has been proposed (Raiswell, 1976; 
Hudson, 1978; Hein, et al., 1979) that these products are 
then available for complexing with divalent cations to 
precipitate carbonate minerals by reactions such as: 
E) Me2+ + 2HC0~ + 8(H) -> CH, + MeCO  + HO 
where Me = Ca, Mg, Fe, etc. (From Hein, et al., 
1979). 
Reaction equations from Berner (1980). 
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precipitation.  Furthermore, ash beds cored in nearsurface 
sediments in Cascadia Basin and on the adjacent continental 
slope have shown no connection to any carbonate-rich deposits 
(Duncan, 1968; Carson, 1971; Barnard, 1973). 
Decay of organic matter could still be a source of 
carbonate ions in surface sediments under conditions postulated 
by Raiswell (1976) and Hudson (1978) to explain carbonate cement 
in ancient concretions (see Introduction section, p. 13). 
Although trapped hydrocarbons and marsh-like concentrations of 
buried organic matter are not found in Cascadia Basin deposits, 
the nearsurface sediments have moderately high (average 1.0-2.0 
weight percent organic carbon) organic matter contents (Duncan, 
1968; Carson, 1971).  These nearsurface sediments consist of a 
thin (0-20 cm) layer of brown (oxidized) lutite overlying olive 
gray (reduced) lutite in which Duncan (1968) noted "a strong odor 
of decaying organic matter and the presence of abundant plant 
fibers" (Duncan, 1968, p. 35). 
It is possible that bicarbonate ions produced along with 
methane from decay of organic matter (Table 10, reaction D) or 
as a byproduct of sulphate reduction (Table 10, reaction C) 
could combine with dissolved cations to effect cementation of 
the nearsurface sediments in Cascadia Basin.  Yet, in their 
sampling of nearsurface sediments throughout Cascadia Basin, 
Duncan (1968) and Carson (1971), while noting both moderately high 
organic matter contents and the presence of pyrite (Carson, personal 
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communication), nowhere encountered any evidence of diagenetic 
carbonate cementation in the clastic beds they examined.  This 
does not mean that carbonate cementation is not occurring in 
Cascadia Basin  nearsurface sediments, but if it is, it is aerially 
restricted, and has yet to be sampled. 
Microbiological sulphate reduction releasing bicarbonate 
ions into pore waters (Table 10, reaction C) cannot be ruled out 
simply by the lack of evidence in Cascadia Basin sediments.  The 
carbonate-cemented samples from the adjoining lower slope ridges 
contain abundant fine grained pyrite, some of which may be 
detrital.  Yet, the fact that some aggregates of pyrite have 
pseudomorphically replaced or partially filled the void space in 
biogenic grains is strong evidence that this pyrite was formed in 
response to localized microbiological sulphate reduction in an 
anaerobic environment. 
It is problematic, though, that if sulphate reduction 
were responsible for much of the carbonate in the lower slope 
samples, why are carbonate-cemented samples so readily collected 
on the lower slope ridges and no comparable deposits found in 
Cascadia Basin, or for that matter, in any deep-sea clastic 
deposit?  There may be some factor, unique to this geologic 
setting, that allows nearsurface carbonate cementation to take 
place. 
2) Carbonate dissolved in the overlying water column 
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The bottom waters in Cascadia Basin are presently under- 
saturated with respect to carbonate as shown by the lack of carbonate 
microfossils in the post-glacial sediments of the basin (Duncan, 
10GG, CaiiDoii, 1971).  The presence of carbonate microfossils in 
Late Pleistocene sediments in the basin indicates that the CCD was 
lower during the Vashon (late Wisconsin) glacial stage, but this 
has been attributed to increased productivity by carbonate secreting 
phytoplankton and rapid sedimentation, not to saturation of 
bottom waters with respect to carbonate (Nayudu, 1964; Duncan, 
1968). 
No obvious mechanism exists for precipitation of carbonate 
from undersaturated seawater, and the lack of any diagenetic 
carbonate cementation in nearsurface Cascadia Basin sediments 
(Duncan, 1968; Carson, 1971) indicates that the creation of 
microenvironments conducive to significant carbonate precipita- 
tion from seawater does not occur. 
Berner (1980) calculated that at standard conditions 
(25 C, 1 atm) all of the carbonate dissolved in 300,000 pore 
volumes of saturated seawater must precipitate out to 
completely fill a space of one pore volume.  Even with solubility 
raised by lower than standard temperatures and higher than 
standard pressures, a tremendous volume of water must be flushed 
through a sediment body to effect significant cementation.  In 
the Cascadia Basin/slope base region there is no obvious 
mechanism (such as thermally induced convection; Davis, et al. , 
129 
1980) tor flushing large volumes of overlying seawater through 
the nearsurface sediments. 
Hence, neither carbonate-rich seawater, nor an obvious 
circulation mechanism to drive this water through the near- 
surface sediments exists.  As a result, inorganic precipitation 
of carbonate from overlying seawater does not appear to be an 
important source of the observed carbonate in the lower slope 
samples. 
3) Carbonate present in the underlying sediment column 
The underlying sediment column in Cascadia Basin is 
carbonate-poor, but not completely lacking in carbonate material 
(Duncan, 1968; Carson, 1971; Kulm, von Huene, et al., 1973a). 
Dispersed carbonate within the sediment column represents a 
potential source for the cementation of near-surface sediments 
if a mechanism can be found to concentrate the carbonate and 
precipitate it near the sediment-water interface.  A possible 
mechanism utilizing the carbonate in the underlying sediment 
column is outlined below. 
No reports of carbonate cementation in clastic surface 
sediments occurring at depths greater than 1000 m have been 
published other than those concerning the Washington, Oregon and 
northernmost California continental slope.  Three unpublished 
occurrences are known to this author:  one on the continental 
slope off northern Vancouver Island (Davis, personal communication), 
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one on the Aleutian trench-slope (Bruns, personal communication), 
and the third on the Peru-Chile trench-slope (Kulm, personal 
communication).  Each of these samples occur at subduction- 
accretion margins. The tectonic setting of these examples suggests 
that there may be a connection between the subduction-accretion 
process and the formation of these carbonate-cemented clastic 
sediments. 
The dewatering of Cascadia Basin sediments in response to 
tectonic compression represents an enormous transfer of fluid 
from within the sediment column through the surface sediments 
into the overlying ocean waters.  Carson (1977) has shown that 
most of the dewatering that occurs during accretion takes place 
across a narrow zone at the base of the continental slope.  His 
3 
calculations predict that a minimum of 0.09-0.25 km  of pore 
water will be expelled from each cubic kilometer of sedimentary 
material compressed at the slope base and accreted to the con- 
tinental margin. 
It is conceivable that under the influence of overburden 
pressures and tectonic compression the pore water pressures 
could be elevated above hydrostatic levels, creating anomalous 
overpressures in the accreting sediments (Arthur, et al., 1980). 
Carbonate microfossils and calcareous horizons are minor (<2 
percent) components in Cascadia Basin sediments (Duncan, 1968; 
Carson, 1971; Kulm, von Huene, et al., 1973a), but under elevated 
pore pressures escaping pore waters might dissolve a considerable 
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amount of this carbonate and carry it in solution upward through 
the sediment column during tectonic dewatering.  The eventual 
release of pressure within the sediment column or, more 
realistically, near the sediment-water interface might result 
in supersaturation of the pore waters and the precipitation of 
carbonate. 
The effect of pressure on carbonate solubility is shown 
by the equations in Table 11.  Increasing the confining pressure 
on the sediment/pore water system raises the partial pressure 
of carbon dioxide in the pore waters, driving equation 11A (Table 
11) to the right.  The resulting rise in pH due to liberation of 
hydrogen ions causes dissolution of carbonate minerals according 
to equation 11B (Table 11).  Lowering the confining pressure 
lowers the partial pressure of carbon dioxide, reversing the 
effect on carbonate.  Murray, et al. (1980) have shown that the 
drop in pressure caused by raising deep-sea bottom sediments 
to the water surface (AP of approximately 3800-3900 decibars) can 
cause saturation of carbonate in the pore waters of the sample 
and may initiate carbonate precipitation. 
Tectonically induced dewatering provides a mechanism that 
could dissolve carbonate at depth within the sediment column, 
and flush large quantities of carbonate-bearing water through 
the surface sediments.  This is not to say that such a dewatering 
mechanism could not effect carbonate cementation at some depth 
within the sediment column, for precipitation would occur 
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TABLE 11. 
GENERALIZED EQUATIONS FOR THE CARBON DIOXIDE/ 
PORE WATER/CALCIUM CARBONATE SYSTEM UNDER 
TFCTniMTPflT.T.Y   TMniTPPn  mn?RPRPQQTTDT? 
Under tectonically induced overpressure the partial 
pressure of carbon dioxide in pore waters is raised, driving 
equation 11A to the right: 
C02 + H20 ^p+ H2C03 t  H+ + HCO ~ 
With the decrease in pH, CaCO  dissolves and CO 
complexes with H+: 
eq. 11A 
2- 
3 
eq. 11B CaCO (s) + H+ ■> Ca2+ + HCO 
Upon dissipation of overpressure the partial pressure of 
carbon dioxide in the pore waters drops and precipitation of 
carbonate may result by the reaction: 
Ca2+  +  2HC0~   -^    CO     +  HO +  CaCO   (s)       eq.     11C 
Equations from Harvey (1963) and Berner (1971). 
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anywhere overpressure release induced supersaturation of the 
pore waters.  Previous studies (Barnard, 1973, 1978; Carson, et 
al. , 1974; Carson, 1977) found little evidence that slumping or 
faulting exposed buried sections of the lower slope ridges. 
Therefore, surface sampling of the ridge flanks cannot determine 
whether or not cementation is restricted to the topmost un- 
compacted sediment layers at the base of the slope prior to 
deformation and uplift. 
The fact that nearly all of the sand- and silt-rich 
(turbidite) sediments sampled are carbonate-cemented (Figure 7) 
may be due to the greater permeability of these layers compared 
to silty clay and clayey silt.  Escaping pore waters would pre- 
ferentially flow along high-permeability paths, and thus, 
precipitation would b^ concentrated along these paths.  That 
some silty clays and clayey silts are carbonate-cemented and 
some are not (Figure 7) could be a result of varying proximity 
to the higher permeability layers. 
The formation of lower slope ridges off Washington and 
northern Oregon is thought to occur in a discontinuous manner 
(Carson, et al., 1974; Barnard, 1978).  A local region at the 
base of the slope experiences dewatering and uplift in pulses 
that may or may not coincide with compressional pulses in adjacent 
areas along the slope margin.  Thus, if cementation is caused by 
the proposed dewatering mechanism, it may be restricted areally 
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by the narrowness of the initial dewatering zone (Carson, 1977) 
and the limited lateral extent of a single compressional pulse; 
it may also be restricted temporally by the periodicity of the 
compressional pulses within a localized region. 
Conclusions:  Constraints on Carbonate Cementation 
No definite conclusion can be reached concerning the 
actual mechanism and location of cementation of the high-carbonate 
samples from the Washington-Oregon lower slope ridges based on 
the results presented here.  However, several constraints can be 
placed on the system: 
1) Cementation occurs at water depths (>1000 m) where 
the bottom waters may have been undersaturated with respect to 
carbonate (possibly even below the CCD) and recent sediments 
are carbonate-poor if not devoid of carbonate; 
2) Water depth and relative age of the slope ridge sample 
sites show no correlation with the presence or absence of 
carbonate-cemented sediments, although the presence of dolomite 
cement (believed to be of secondary origin) shows a positive 
correlation with decreasing water depth; 
3) Cementation is very patchy as the carbonate-cemented 
sediments represent a minor lithology on the lower slope ridges. 
This may be due to the character of the host sediments or the 
localization of source fluids; 
4) Cementation occurs very near the sediment-water 
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interface, prior to compaction of the host sediment by either 
overburden pressure or tectonically induced lateral compressional 
stress; 
5) The host (framework) sediments of the" carbonate- 
cemented samples were deposited in Cascadia Basin, probably near 
the base of the slope, prior to uplift and accretion; 
6) Carbonate cementation most likely occurs in Cascadia 
Basin near the base of the slope, prior to sediment deformation 
and uplift; 
7) Turbidite sand/silt layers are almost always cemented 
while the majority of hemipelagic lutites are not; 
8) Cementation of the uncompacted framework sediments 
requires precipitation of carbonate from a large volume of source 
water that must be flushed through the pore space; 
9) Carbonate cementation of clastic sediments at water 
depths greater than 1000 m is only known to occur in subduction- 
accretion zones; 
10) Precipitation and alteration of the carbonate cement 
must be capable of producing magnesian calcite, dolomite and 
aragonite. 
It is possible that carbonate ions involved in the 
cementation process are produced as a byproduct of microbiological 
decay of organic matter in the host sediments.  Yet, if this were 
responsible for most of the cementation, it is hard to explain why 
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surficial cementation of detrital sediments is characteristic 
only of subduction-accretion environments.  One would expect to 
find carbonate cementation in any deep-sea sediment that contained 
sufficient organic matter to fuel the process. 
The overlying water column does not appear to be a 
potential source of significant carbonate.  The bottom waters 
in the study area are thought to have been undersaturated with 
respect to carbonate throughout the period of lower continental 
slope accretion, and no obvious mechanism exists for flushing 
the large volume of seawater required for cementation through the 
nearsurface sediments. 
The subduction-accretion complex off Washington and 
northern Oregon is characterized by tectonically induced de- 
watering, dewatering that is apparently concentrated at the base 
of the continental slope.  This may also be the case in other 
subduction-accretion complexes from which carbonate-cemented 
sediments similar to the Washington-Oregon slope samples have 
been recovered. 
Dewatering of accreted sediments may act to (1) scavenge 
carbonate at depth within the sediment column in response to 
elevated pore water pressures, and (2) transport the dissolved 
carbonate to the surface sediments where it could (3) be 
precipitated in response to release of the overpressures.  This 
dewatering mechanism appears to satisfy the constraints placed 
on the cementation process, and would most likely also effect 
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cementation below the sediment-water interface to some degree 
although present sampling and sample analysis cannot bear this 
out. 
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APPENDIX 1. 
Locations of derdge haul samples off Washington and Oregon. 
^G.mp-1-C J-IO. 0 x Lt uu.<r uoxigj. 0 uue water ueptn 
Number* (North) 
U8°12.3> 
(West) (Meters) 
53-13 126°19.2' 1U00-1000 
63- 9 i+6°39.0' 125°30.5' 2100-1500 
63-11 U6°37-2' 125°12.0' 1800-1000 
63-lU U7°21.5' 125°12.7' 1300- 900 
68- 3 U7°l+3.0* 126°10.0' 1750-lU00 
68-lU i+7°31.2* 125°58.U' 1600-1350 
68-15 U7°l7.1t' 125°37.7' 1500-1000 
68-16 47° 0.U' 125°i+0.1' 1800-1600 
68-17 U70 l.U' 125°53.8' 2200-1600 
68-22 l+6°20.5' 125°20.7' 1700-1^00 
68-28 U7°20.1» 126° 3.2' 2000-1600 
68-29 U8° 2.3' 126°25.1' 2000-1500 
68-30 No location data provided by Barnard, 1973. 
79-11 ■ U6°59.0' 125°52.0' 1618 
79-1^ U70 0.0' 125°U6.8' 1522 
79-17 U7°li3.7' 125°58.6' 1U21 
79-23 U7°27.0' 126° 7.1' 1507 
19-2h U7°19.3' 125°58.7' 1580 
79-25 U7°19.U' 125°37.3' 1712 
79-27 ^7° 1.3' 125O]40.0' 1609 
79-28 U6°U9-2' 125°29.H' 155^ 
79-29 i47°50.2' 126°l8.8' 15^0 
79-31 U7°15.3' 126° 2.6' I8U9 
79-32 U7°U0.0' 126°15.8' 1613 
79-33 UT°51.6» 126° 9.U' 1UU7 
79-3^ U8° 2.8' 126°19.8' 1395 
90- 1 45°39.8' 125°13.8' 1536 
90- 2 i+5°39.0' 125°10.3' 863 
90- 3 U5°ii5.5' 125° 1.1' 1U00 
90- k U5°U0.7' 12U°U8.8' 500 
90- 6 U70 0.7' 125°20.1' 1902 
90- 7 i+5° 0.2* 125°11.1' 929 
90-28 U7°31+.2' 125°22.0* 695 
90-32 i+7°59-2' 125°H8.0' 1250 
W7809C-20 Mt°38.3' 125°11.0' 1500-1100 
*Sample number is composed of two parts: first part = cruise 
/ 
number; second part = dredge haul number. 
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APPENDIX 2. 
Sample locations of splits from DSDP cores and USGS 
Aleutian Trench-Slope dredge haul. 
Water   Depth 
Sample  Number* Latitude Longitude Depth In Hole 
DSDP 
17UA-39-2(0-2) 
I7I+A- 39-2 (9-10) 
I7U-39-3(119-123) 
I7UA-U0-M118-120) 
i+U°53.1+,N 126°21.VW 2799m 751.51m 
751.60m 
752.71m 
77^.19m 
175-19-2(33-35) l+i|o50.2'N 125°1^.5'W 1999m l68.3i+m 
178-17-2(136-138) 
178-lil-CC 
178-U8-l(lUU-lU8) 
178-51-1(72-76) 
56°57.i+'N ll+7°07.9'W U2l8m lU3.87m 
>+32.25m 
535.^6m 
658.2Um 
l8U-22-6(lUU-lU8) 
l8UB-i-2(lU2-lU5) 
53oi+2.6'N 170°55.i+'W 1910m 603.96m 
6ll.9km 
189-11-2(26-28) 
l89-lU-l(U5-U9) 
189-1^-2(77-79) 
5U°02.1'N 170°13.1+'E 3>+37m 6U2.77m 
7^3.^7m 
7^5.28m 
USGS 
S7-79-W6  DHU 5U°10.3'N  l60°01.6'W  2200m 
*DSDP sample numbers are composed of four parts: first part 
site number; second part = core number; third part = section 
number; the numbers in parentheses indicate the depth within 
the section in centimeters from which the split was taken. 
USGS sample number consists of the cruise number followed by 
the dredge haul number. 
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APPENDIX 3a. 
Macroscopic descriptions of Washington-Oregon slope samples 
Rq m-riJ_o 
Number* 
53-13 CLAYSTONE 
Well-indurated, foliated olive gray (5Y k/l) 
claystone with moderate reddish orange (10R 6/6. 
oxide coatings.  Worm burrowed; shows concoidal 
fracture and rudimentary fissility. 
63-9 CLAYEY SILTSTONE 
Indurated dark greenish gray (5GY k/l)   clayey 
siltstone with interlayered dark yellowish brown 
(10YR k/2)   sandy siltstone laminae.  Laminations 
are irregular and disturbed. 
MAGNESIAN CALCITE-CEMENTED SILTSTONE 
One large cobble of dense, mostly angular, olive 
gray (5Y k/l)  magnesian calcite-cemented silt- 
stone with a 7 mm thick light olive (5Y 6/1) 
crust covering the one smooth side.  Slabbed sur- 
faces are patchy due to irregular distribution of 
coarse silt.  Small fractures are numerous inside 
the rock and most of these are calcite-filled. 
Lack of a weathering crust on the angular edges 
indicates that this sample was broken from a 
larger concretion or bed of carbonate-rich rock. 
63-11 LITHIC CLAYEY SILTSTONE 
Indurated, foliated, olive gray (5Y k/l)   clayey 
siltstone with rounded sand-sized mudstone 
clasts and reddish brown (lOR k/k)   oxide stains. 
*Sample numbers are composed of two parts:  first part = cruise 
number; second part = dredge haul number. 
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63-1^ LITHIC CLAYEY SILTSTONE 
Worm-burrowed, foliated, olive gray (5Y h/l) 
clayey siltstone with sand-sized raudstone clasts. 
Parting planes are marked by dusky red (5R 3/M 
oxide coatings.  One piece has slikensided sur- 
faces with oxide coatings. 
68-3 MUDSTONE 
Worm-burrowed dark olive gray (5Y 3/1) mudstone 
lacking laminations but showing concoidal and 
hackly fractures.  Worm burrows are mud-filled. 
68-11+ MAGNESIAN CALCITE-CEMENTED SILTSTONE 
/       Dense, hard, unlaminated medium greenish gray 
(5GY 5/l) magnesian calcite-cemented siltstone. 
Smooth edges have a l-3mm thick light greenish 
gray (5GY 7/1) crust.  One piece is slab-shaped 
and fractured edges are not fresh like those of 
63-9-  This piece has numerous open fractures. 
The other piece is irregularly shaped, has 
calcite-lined fractures and is patchy, apparently 
from variability in calcite or clay content. 
68-15 MAGNESIAN CALCITE-CEMENTED SILTSTONE 
Slabby pieces like 68-lk  but with fewer open 
fractures.  Distinct sets of parallel dark gray 
(N3) laminae are cut and offset by small faults. 
In thin section, these laminae are seen to con- 
sist of coarser grained carbonate than that 
which cements the bulk of the rock. 
68-16 MUDSTONE 
Small pieces of unlaminated, unfoliated olive 
gray (5Y U/l) mudstone.  Very little sample was 
recovered in this dredge haul. 
68-17 MAGNESIAN CALCITE-CEMENTED MUDSTONE 
Two pebbles of light olive gray (5Y 6/1) magne- 
sian calcite-cemented mudstone covered with mud. 
One pebble has faint convolute laminations. 
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68-22 LITHIC CLAST CONGLOMERATE 
Granule-sized rounded mudstone elasts and sand 
in a grain supported silty conglomerate (see 
Plates ^5 and U6). 
68-28 CLAYSTONE 
Foliated olive gray (5Y k/l)   claystone. 
68-29 CLAYSTONE 
Foliated olive gray (5Y U/l) claystone. 
MAGNESIAN CALCITE-CEMENTED SILTSTONE 
Thinly laminated weakly-cemented pebble of light 
olive gray (5Y 6/1) magnesian calcite-cemented 
siltstone. 
79-11 MAGNESIAN CALCITE-CEMENTED SANDSTONE 
Distinctly weathered, rounded to subangular 
cobbles of magnesian calcite-cemented silty 
sandstone.  In the largest cobble a dense, well- 
cemented dark bluish gray (SB ^/l) core is ringed 
by a 1-i+mm thick moderately well-cemented, medium 
bluish gray (5B 5/1) inner crust and a 5-10mm 
thick, very porous, friable yellowish gray 
(5Y 8/1) outer crust.  Other cobbles show less 
well-developed core/crust contacts with the 
inner crust being absent. 
79-lb MUDSTONE 
Laminated, dark grayish olive (10Y 3/2) mudstone 
with hackly fracture.  Some pieces have sandy 
patches. 
MAGNESIAN CALCITE-CEMENTED SANDSTONE AND MUDSTONE 
Dense, well-cemented cobbles and pebbles of dark 
olive gray (5Y 3/1) to medium gray (N6) magnesian 
calcite-cemented sandstone and mudstone.  Worm 
burrows and crusts are common; crusted surfaces 
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(79-lM are smooth and lighter colored than unweathered 
rock. Shapes vary from ellipsoidal to pl'aty to 
i rrpcrniarly ar.astematcsing (sec Plate 50). 
ARAGONITE-CEMENTED SILTY SANDSTONE 
Friable, very porous, worm-burrowed cobbles of 
very light to light gray (N8-N7) aragonite- 
cemented sandstone.  Outside and slabbed surfaces 
are rough and pitted.  This surface texture alone 
serves to distinguish aragonite-cemented pieces 
from smooth surfaced calcitic and dolomitic 
pieces. 
79-17- MUDSTONE 
Dark greenish gray (5GY k/l)  worm-burrowed mud- 
stone with hackly fracture and no laminations or 
■ foliation. 
79-23 MUDSTONE 
Worm-burrowed, laminated medium dark gray (N3) 
to dark greenish gray (5GY k/l)  mudstone.  One 
piece has intensely convoluted laminations (see 
Plate kk,  Appendix 8) and another has shell 
fragments in it.  Iron-stained parting planes 
aligned at high angles to bedding in some 
pieces as noted by Carson (1977). 
79-2U CLAYEY SILTSTONE 
4 
Thinly laminated, worm-burrowed medium gray (N5) 
clayey siltstone. 
79-25 MUDSTONE 
Extensively worm-burrowed, medium dark gray (NU) 
mudstone with some light brown (5YR 5/6) to 
black (Nl) oxide coatings on parting planes. 
79-27 MAGNESIAN CALCITE-CEMENTED SILTSTONE MD MUDSTONE 
Dense, slab-shaped, dark greenish gray (5GY k/l) 
magnesian calcite-cemented siltstone and mudstone. 
Slabbed surfaces show a l-2mm thick light gray 
(N7) crust, subparellel cracks and a network of 
fine dark veins. 
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79-28 MUDSTONE AND GRANULAR MUDSTONE 
Thinlv 1 ami natprt  unr-m—burroved olive rTra~v/" ' 5Y '(/l) 
mudstone.  One sample contains numerous rounded 
and polished granule-sized aphanitic igneous grains 
supported by a mudstone matrix. 
79-29 MUDSTONE/GABBRO 
Worm-burrowed olive gray (5Y Vl) mudstone with 
a flattened cobble of gabbro that contains a cal- 
cite-filled vug. 
79-31 .        MUDSTONE 
Foliated olive gray (5Y U/l) mudstone. 
79-32 MUDSTONE 
Worm-burrowed olive gray ( 5Y k/l)  mudstone with 
hackly fracture. 
79-33 MUDSTONE 
Foliated olive gray (5Y k/l)   mudstone. 
MAGNESIAN CALCITE-CEMENTED MUDSTONE, SANDSTONE 
AND CONGLOMERATE 
Angular to rounded, fractured cobbles and small, 
boulders of dense, variably dark greenish gray 
(5G U/l) magnesian calcite-cemented mudstone, 
sandstone and conglomerate.  Planar and convoluted 
laminations are present in some samples; conglomer- 
atic pieces are massive.  Fine-grained samples have 
weathering crusts and some have fractures parallel- 
ing their edges as if submarine spheroidal 
weathering has occurred.   Conglomeratic pieces 
contain subangular mudstone clasts ranging in 
size from fine sand to pebbles (see Plate 3, sample 
79-33-5)-  One sandy siltstone contains carbonized 
wood pieces and has medium-grained calcite lining 
fractures and vugs (see Plates 5 and 53, sample 
79-33-7). 
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(79-33)       The thickness of the samples varies from 2.5-9 
cm.  All samples show evidence of having been 
hr-nken from larger nodules or "beds aiLhuu^h no 
angular surfaces appear freshly fractured. 
This dredge haul recovered a greater number of 
carbonate pieces than any other reported here. 
79-3h MUDSTONE 
Worm-burrowed medium gray (N7) to olive gray 
(5Y h/l)   mudstone cobbles. 
MAGNESIAN CALCITE-CEMENTED SILTSTONE AND SANDSTONE 
Dense, unlaminated pebbles, cobbles and slabs 
of medium greenish gray (5GY 5/1) magnesian 
calcite-cemented siltstone and sandstone. 
Weathering crusts are well-developed on most 
samples. 
One slab (3^ x 13 x 3 cm) is notable in that all 
edges are smooth and crusted as if this piece has 
been dredged unbroken.  The slab is cut across its 
width by an irregular layer in which a foliation 
runs perpendicular to the long axes of the slab. 
The slab thins from 3.7 to 0.5 cm along its length 
and width. 
DOLOMITE-CEMENTED MUDSTONE AND SILTY SANDSTONE 
Macroscopically Indistinguishable from magnesian 
calcite-cemented samples.  Staining and X-ray 
diffraction techniques reveal the presence of 
dolomite which is hinted at by the very small 
effervescence caused by dilute (2 percent) 
hydrochloric acid on a fresh surface.  One cobble 
has graded bedding. 
90-1 MUDSTONE 
Foliated, worm-burrowed, medium greenish gray 
(5GY 5/1) mudstone. 
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90-2 CLAYEY SILTSTONE AND SANDY SILTSTONE 
Foliated, worm-burrowed grayish nl i w (lOY 'i/2) 
mudstones.  Parting planes are marked by oxide 
coatings in one sample.  Several pieces have 
finely spaced dessication cracks at high angles 
to partings. 
90-3 MAGNESIAN CALCITE-CEMENTED SILTSTONE AND CLAYSTONE 
Angular to rounded, dense cobbles of olive gray 
(5Y k/l)  magnesian calcite-cemented mudstone with 
light gray (N7) crusts on smooth surfaces.  Two 
pieces have distinctive networks of dark gray (N3) 
veins that are seen on slabbed surfaces (see 
Plates 1 and 6, samples 90-3-1 and k).     Another 
piece is shattered and loose mud has worked into 
the fractures. 
90-U MUDSTONE 
Worm-burrowed olive gray (5Y k/l)  mudstone with 
hackly fracture and a few small shell molds. 
90-6 MUDSTONE AND SANDY MUDSTONE 
Foliated, worm-burrowed, mottled olive gray (5Y 
k/l)  to dark greenish gray (5GY k/l)  mudstone 
and sandy mudstone.  Parting planes have oxide 
stains. 
90-7 MUDSTONE 
Indurated olive gray (5Y k/l)  mudstone. 
DOLOMITE-CEMENTED SILTY SANDSTONE AND MUDSTONE 
Very thinly bedded and cross-bedded, worm-burrowed 
medium gray (N5) and pale yellowish brown (10YR 
6/2) dolomite-cemented silty sandstone.  Sandstone 
pieces, about 12 x 8 x 3 cm, have an unusually 
flat side on them, unlike the surfaces on any 
samples from other dredge hauls.  These flat sides 
may represent sharp basal contacts between the 
sandy turbidite layer and whatever layer was 
formerly underlying it.  One of the flat sides has 
what appears to be a flute cast. 
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-(90-7)        One cobble of massive, worm-burrowed light olive 
gray (5Y 6/1) dolomite-cemented mudstone.  One 
surface is oxide stained and ucaiij a.s fittl a. a 
those on the sandstones described above.  Worm 
burrows are numerous in this sample (see Plate 9) 
but very few cut the outside surfaces; some are 
mud filled, none are dolomite-lined or filled, 
and all are very sharp walled. 
90-28 MAGNESIAN CALCITE-CEMENTED SILTSTONE AND SANDY 
MUDSTONE 
Angular cobbles of dense, light olive gray 
(5Y 6/1) magnesian calcite-cemented laminated 
sandy mudstone and unlaminated siltstone.  The 
large cobble of sandy mudstone has an evenly 
spaced, penetrative lineation nearly perpendic- 
ular to the laminations. 
MAGNESIAN CALCITE-CEMENTED GLAUCONITIC SILTY 
SANDSTONE 
Rounded cobbles of dense olive gray (5Y k/l) 
magnesian calcite-cemented glauconitic silty 
sandstone.  Lighter colored weathering crusts are 
well-developed on these samples.  Two pieces have 
a single broken surface while a thinner, lobate 
piece (see Plate k9, Appendix 8) is rounded and 
crusted on all surfaces.  No internal structure 
was observed in the glauconitic pieces. 
90-32 DOLOMITE-CEMENTED SILTSTONE AND CLAYEY SILTSTONE 
Cobbles and elongate plates (see Plates ^+7 and 
kQ,   Appendix 8) of dense, thinly laminated 
medium gray (N5) dolomite-cemented siltstones. 
Sample 90-32-5 has folded and offset laminations 
(see Plates 55 and 56, Appendix 8), 90-32-U has 
folded laminations and striated, slikensided 
surfaces, as do the long platy pieces, 90-32-2 
and 3 (see Plates hj  and i+8, Appendix 8). 
W7809C-20     MAGNESIAN CALCITE-CEMENTED SILTSTONE, SILTY 
SANDSTONE AND CONGLOMERATE 
Worm-burrowed light olive gray (5Y 6/1) to medium 
gray (N5) magnesian calcite-cemented siltstone 
pebbles (splits Al and Dl). 
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(W7809C-20)   Angular cobbles of friable to well-cemented 
medium gray (N5) magnesian calcite-cemented 
(N3) veins (splits Cl, C2 and Hi). 
One rounded cobble of dense, massive olive 
gray (5Y k/l)   magnesian calcite-cemented 
conglomerate.  Sand- and granule-sized sub- 
angular mudstone clasts are matrix supported 
and are not internally cemented (split Gl). 
MICROCRYSTALLINE SILICA-CEMENTED LITHIC 
GRAYWACKE 
A hard, angular cobble of microcrystalline 
silica-cemented lithic g»aywacke was included 
with the carbonate-cemented rocks sent by 
Kulm.  The rock contains angular mono- and 
poly-crystalline quartz, plagioclase, and 
micaceous quartzite grains that are all grain 
supported.  Interstices are filled with 
micaceous pseudomatrix and microcrystalline 
silica cement. 
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Macroscopic descriptions of splits from USGS sample number 
S7-79-V/6 DHl+ collected on the Aleutian Trench-Slope. 
Split 
Number 
1A Dark greenish gray (5GY k/l)   calcite-cemented 
mudstone that has no weathering crust.  This 
split is less well-cemented than the others. 
IB Dense, thinly bedded, dark greenish gray 
(5GY U/l) calcite-cemented mudstone cobble 
fragment.  This split has well-developed 0-5 
mm thick light olive gray (5Y 6/1) weathering 
crust.  It contains a few dark medium sand- 
sized grains. 
1C Dense, dark greenish gray (5GY k/l)   calcite- 
cemented mudstone with a few dark sand-sized 
grains. 
2A Poorly-cemented dark greenish gray (5GY k/l) 
conglomerate.  The rock is nearly 50 percent 
sand- to granule-sized mudstone clasts that 
are not internally cemented.  The muddy matrix 
is well-cemented with calcite but the rock is 
brittle because of the high percentage of 
uncemented clasts. 
2B Hard, dark greenish gray (5GY k/l)   calcite- 
cemented mudstone with several small worm 
burrows. 
2C Dense, very well-cemented dark greenish gray 
(5GY k/l)   calcite-cemented mudstone.  The rock 
is a smooth surfaced irregularly shaped cobble. 
Small worm burrows are numerous and one contains 
an uncemented fecal pellet or casing. 
2D Dense, highly weathered cobble of dark greenish 
gray (5GY k/l)   calcite-cemented conglomerate. 
The rock contains abundant uncemented mudstone 
clasts and is so highly weathered that the sur- 
face is pitted and irregular (see Plate 36). 
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Macroscopic descriptions of subsamples from DSDP cores. 
Sample iMumber77 
17^-39-2(0-2)       Poorly-indurated olive gray (5Y k/l)  mud. 
No structures or special features were 
noted. 
17^A-39-2(9-10)      Thinly laminated, indurated olive gray 
(5Y k/l) clayey siltstone.  Coarse silt- 
sized flakes of mica are abundant. 
17^-39-3(119-123)   Well-indurated olive gray (5Y k/l) 
laminated sandy mudstone with two thin 
(2-3 mm) medium gray (N5) claystone 
layers. A slight fissility is evident 
and mica flakes show a preferred orienta- 
tion parallel to the lamination. This 
mudstone is very rich in mica, biotite 
and possibly chlorite. 
17^A-l+0-i|(118-120)   Hard, thinly laminated olive gray (5Y 
k/l)   calcite-cemented claystone.  Lamina- 
tions are slightly wavy. 
175-19-2(33-35)      Well-indurated olive gray (5Y k/l)  mud- 
stone banded perpendicular to the core 
axis by a 1-2 mm thick dark olive gray 
(5Y 3/1) clay layer. 
178-17-2(136-138)    Well-indurated, thinly laminated and 
cross laminated dark greenish gray (5GY 
k/l) to greenish black (5GY 2/1) clayey 
siltstone with a sharp (basal?) contact 
to an unlaminated claystone. 
*DSDP sample numbers are composed of four parts:  first part = site 
number; second part = core number; third part = section number; the 
numbers in parentheses indicate the depth within the section in 
centimeters from which the split was taken. 
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178-i+l-CC Hard, dense, laminated medium light gray 
(N6) calcite-cemented siltstone.  This 
cample is very wcll-uementea and not at 
all unlike the Washington-Oregon slope 
carbonate-cemented sediments in outward 
appearance. 
178-U8-l(lUU-ll+8)    Hard, dense dark greenish gray (5GY k/l) 
calcite-cemented conglomerate.  Granule- 
and sand-sized uncemented mudstone clasts 
are numerous and are matrix/cement sup- 
ported. 
178-51-1(72-76)      Well-cemented, unlaminated medium dark 
gray (NU) calcite-cemented sandy silt- 
stone.  The sand grains are subrounded 
mudstone grains.  Despite the lack of 
lamination or bedding, the elongate sand/ 
silt grains show a preferred orientation 
perpendicular to the axis of the core. 
l8U-22-6(lUU-l48)    Hard, dense, laminated olive black (5Y 
2/l) calcite-cemented sandy siltstone. 
Subangular to subrounded igneous lithic 
grains make up the sand fraction and are 
both grain and matrix/cement supported. 
l81lB-l-2(lU2-ll+5)    Well-indurated olive gray (5Y k/l)  clay- 
stone that shows a rudimentary fissility. 
189-11-2(26-28)      Well-indurated, laminated olive gray 
(5Y k/l)   claystone. 
189-1^-1(^5-19)      Well-cemented grain supported greenish 
gray (5GY 6/l) lithic sandstone.  The 
cement is calcite and fills interstices 
between the angular igneous lithic grains. 
Several aggregates of fine-grained pyrite 
are identifiable with a hand lens. 
l89-ll|-2(77-79)      Indurated olive gray (5Y k/l)   claystone. 
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Carbonate content and mineralogy 
of Washington-Oregon slope samples. 
Sample 
Number* 
Weight Percent 
(Mg,Ca)CO„ 
Carbonate 
Mineralogy** 
Mol Percent 
MgCO^ 
53-13-1 
53-13-2 
6.3 
5.5 
63-09-1 
63-09-2 
5-5 
62.3 MC# 9.0 
63-11-1 
63-11-2 
6.7 
6.1 
63-lU-l 
63-1U-2 
3.3 
3.2 
68-03-1 
68-03-2 
k.O 
2.3 
* 
68-1U-1 
68-1U-2 
73.5 
70.0 
MC# 
MC 
6.0 
68-15-1 
68-15-2 
66.8 
61.2 
MC 
MC# 6.0 
68-16-1 6.k 
68-17-1 66.7 MC# 7-5 
68-17-2 6k.0 MC 
68-22-1       .    h.k 
68-22-2 3.7 
68-28-1 6.3 
68-28-2 6.1 
68-29-1 3.9 
68-29-2 37-5 D&MC# 9.0(MC) 
79-11-1 Crust       12.0 
79-11-2 Core        32.9 MC# 6.0 
*Sample number is composed of three parts: first part = cruise 
number; second part = dredge haul number; third part = split 
number.   **MC = magnesian calcite, D = dolomite, A = aragonite, 
# denotes samples analyzed by X-ray diffraction. 
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Sample 
Number* 
79-11-2 Crust 
79-11-3 Core 
79-11-3 Crust 
79_U_li Core 
79-11-1* Crust 
79-lU-l 
79_lli_2 
79-1^-3 Core 
79-1^-3 Crust 
79_ll+_t, 
79-1^-5 
79_ll+_6 
79-1U-7 
79-1^-9 
79_lU-io 
79-l1+-ll 
79-1U-12 
79-1U-13 
Weight Percent Carbonate Mol Percent 
(Mg,Ca)CO„ Mineralc 'gy** MgC0„ 
12.it 
35.0 MC 
*  16.5 
27.2 MC# 9.0 
15.1 
3.9 
28.1 A # 
59.1 MC# 13.0 
32.2 
kk.O MC 
U0.9 A 
3.0 
3.2 
U8.3 A a 
58.7 MC 
^7.5 MC 
k-J.3 MC 
itl.2 MC 
79-17-1 1.2 
79-23-1 
79-23-2 
79-23-3 
79-23-U 
79-23-5 
79-2U-1 
0.5 
3-5 
10.0 
2.8 
2.7 
2.5 
79-25-1 
79-25-2 
79-25-3 
79-25-^ 
O.k 
2.5 
2.3 
2.2 
79-27-1 
79-27-2 
79-27-3 
79-27-^ 
79-27-5 
69. k 
63.3 
65.it 
68.6 
60.9 
MC 
MC 
MC 
MC 
MC# 11.0 
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Number- 
79-28-1 
79-28-2 
79-28-3 
79_28-U 
79-28-5 
79-29-1 
79-29-2 
79-29-3 
79-31-1 
79-31-2 
79-31-3 
79-31-H 
79-32-1 
79_32-2 
79-32-3 
79-32-U 
79-33-1 
79-33-2 
79-33-3 
79-33-1+ 
79-33-5 
79-33-6 
79-33-7 
79-33-8 
79-33-9 
79-33-10 
79-33-11 
79-33-12 
79-33-13 
79-33-lU 
79-33-15 
79-33-16 
79-33-17 Core 
79-33-17 Crust 
79-33-18 
79-33-19 
APPENDIX k (cont. ) 
Weight Percent Carbonate Mol  Percent 
(Mg,Ca)C0„ Mineralogy** MgC03 
0.8 
5.0 
2.9 
U.7 
7-3 
1.1 
k.O 
3.9 
6.6 
5.9 
7-0 
7-9 
1.6 
3.3 
k.k 
l*.l 
69-3 MC 
6U.2 MC# 11.0 
30.8 MC 
U.6 
U1.8 MC 
kk.o MC# 10.0 
U3.6 MC 
56.2 MC 
^0.6 MC 
5^.0 MC 
1+7.6 MC 
63.8 MC# 11.0 
1+1.7 MC 
73.9 MC 
73.9 MC 
71.8 MC 
62.0 MC 
51.1 
71.5 MC 
62.5 MC 
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Sample Weight Percent Carbonate Mol Percent 
Number* (Mg,Ca)C0„ Mineralogy** MgCO. 
79-34-1 34.5 MC 
79-3^-2 70.7 D tt 
79-34-3 49.1 MC 
79-34-4 69.7 D 
T9-3U-5 70.4 D 
79-34-6 69.9 D 
79-34-7 54.2 MC 
79-34-8 72.6 D 
T9-3U-9 38.3 MC 
79-34-10 65.7 D ft 
79_3U-n 61.9 MC# 6.0 
79-34-12 38.5 MC 
79-34-13 73.3 D ■j9-3k-lh 46.2 D 
79-34-15 69.5 D 
79_3li_l6 61.7 MC# 13.0 
79-3^-17 38.3 MC 
90-01-1 6.0 
90-02-1 4.9 
90-02-2 14.8 
90-02-3 7.5 
90-02-4 4.2 
90-02-5 6.5 
90-03-1 81.0 MC# 13.0 
90-03-2 76.3 MC 
90-03-3 79-9 MC 
90-03-4 80.1 MC 
90-03-5 78.7 MC 
90-03-6 76.8 MC 
90-04-1 5.7 
90-04-2 6.8 
90-04-3 6.7 
90-04-4 7.5 
90-06-1 8.5 
90-06-2 5.5 
90-06-3 6.2 
90-06-4 5.7 
90-06-5 5.6 
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Sample Weight Percent Carbonate Mol Percent 
Number* Mg,Ca)C0„ Mineralogy** MgC0n 
90-07-1 28.0 D 
90-0T-2 5.6 
90-07-3 10.0 
90-Ql-k 29.6 D ft 
90-07-5 77.5 D 
90-28-1 51. k MC# 13.0 
90-28-2 56.0 MC 
90-28-3 72.0 MC 
90-28-U 81.9 MC 
90-28-5 U6.8 MC 
90-32-1 52.5 D 
90-32-2 65.5 D 
90-32-3 66.8 D 
90-32-U 70.1 D 
90-32-5 68.0 D # 
W7809C-20- -Al 60.3 MC 
W7809C-20- -Cl 39.5 MC 
W7809C-20- -C2 52.9 MC 
W7809C-20- -Dl 67.O MC# 9.0 
W7809C-20- -Gl 53.1 MC 
W7809C-20- -HI 31.9 MC# 13.0 
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APPENDIX 7. 
R-mode normalized factor measurements, unweighed. 
Sample Input j## TT *** 
Number* Fl F2 Fl F2 
63-09-2 .50098 .19931 .08389 .1+9836 
68-1U-I .5733)4 .20366 .00722 .63813 
68-1U-2 .52996 .20391+ .02657 .58959 
68-15-1 .i+6670 .27227 .OI4I+I9 .63078 
68-15-2 • .5^860 .291(25 .03068 •72075 
79-H-2 .U5388 .70200 .572714 .5U769 
79-11-3 .U7961 .69931 •59957 .52396 
79_ll_U .31^67 .65501 .59966 .38332 
79_lli_2 .3161(5 .8U1UU .82089 .36603 
79-1^-3 .90717 .261(18 .20992 .16281+ 
79-1^-5 .35^33 .79899 .76165 .39600 
79-1U-9 .30867 .79839 .73851 .39807 
79_lli_13 .21+538 1.00000 1.00000 .31363 
79-27-3 .U6U96 .19581 .0361+3 .53981 
79-27-5 .18167 .12770 .05908 .23819 
79-33-1 .18719 .23675 .I856U .23568 
79-33-2 .21285 .12693 .11915 .18110 
79-33-3 1.00000 .39668 .01(803 1.00000 
79-33-6 .17133 .50660 .1+1+1+31 .2761+7 
79-33-7 .3881(7 .38690 . 3361+1 .37162 
79-33-9 ..2,2672 .12271 .05175 .2770H 
79-33-10 .22065 .12288 .01+857 .27663 
79-33-11 .1(0363 .38676 .21627 • 5!+097 
79-33-12 .UUU8T . 171*22 .05876 .1+7693 
79-33-13 .10568 .55828 .1+5663 .27832 
79-33-15 .1U130 .11525 .08551 .11+1+77 
79-33-19 .1(7138 .23180 .05I+9I+ .56988 
79-3U-1 .kikQl .16071 •1700U .28799 
79-3^-2 .21+333 .08870 .10779 .1801+5 
T9-3U-3 .19860 .26250 .18015 .28695 
■J9-3h-k .072I+2 .20726 .2229k .01376 
T9-3U-9 .07691 .21(290 .21+566 .01+790 
79_3U-iU .01+957 .67567 .58702 .23171+ 
79-3U-17 .31789 .92888 .89027 .U012U 
*Sample number is composed of three parts:  first part= 
cruise number; second part=dredge haul number; third 
part = split number. 
**Input I variables are:  Sand/Mud, Mean 0, Standard 
Deviation, Skewness and Kurtosis. 
***Input II variables are:  Sand/Mud, Mean 0 and Skewness. 
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APPENDIX 7   (cont, 
Sample Input j## Input IJ### 
Number* Fl F2 Fl F2 
90-03-1 .35696 .09800 
.13391* .18820 
90-03-2 .161+20 .0 3680 .03531 .111+89 
90-03-3 .19693       ( 3.00000 0.00000 .135^0 
90-03-1+ .39221+ .121+56 .0631+2 .35556 
90-03-6 .09336 •10599 .13655 0.00000 
90-07-1 .25576 .71+769 .68833 .36081 
90-07-1+ .2595^ .71)415 .631+01+ .38381 
90-07-5 .11397 .13062 .10519 .11708 
90-28-1 0.00000 .51+278 .1+1263 .22211+ 
90-28-2 .12790 .1+7282 .1+6036 .17870 
90-28-3 .30011 .2101+6 .20931 .23266 
90-28-1+ .10182 .11+690 .16308 .051+58 
90-28-5 .02075 .65206 .53837 .23189 
90-32-1 .23808 
.2221+5 .13865 .30905 
90-32-2 
.20263 .15533 .07061+ .27775 
90-32-3 .25658 
.1351+5 .07832 .31+276 
90-32-U 
.11191 .26701+ .10001+ .17866 
90-32-5 .2921+9 .2387!+ .23283 .21921 
W7809C-20- -Al .28723 .25196 . 19U5U .3101+2 
W7809C-20- -Cl .2681+8 .58630 .50330 .1+1+301+ 
W7809C-20- -C2 .26161 
.1+2707 .32970 .36915 
W7809C-20- -Dl 
.28979 •09959 .03735 .37195 
W7809C-20- -Gl .01+572 
.1+7985 .36883 .22651+ 
W7809C-20- -HI .29683 • 5361+7 .1+601? .38510 
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APPENDIX 8. 
Supplementary plates. 
111.    DVi^-l- ,-,„-„„„>,  ~-c o. 1 _  7fl  i ). n mv, ,- „  „ „„_n 
typical of the low-carbonate mudstones dredged from the lower 
slope ridges off Washington and northern Oregon.  The sample is 
a thinly laminated dark grayish olive (lOY 3/2) mudstone (most 
low-carbonate mudstones are massive).  It is well-indurated and 
breaks with a hackly fracture.  Dessication has enhanced some 
oxide stained parting planes.  This sample contains 3 percent 
carbonate. 
Plate hh :     Photograph of Sample 79-23-1.  This sample displays an 
extreme degree of convolute lamination but with regard to texture 
(clayey silt) and color (dark greenish gray (5GY U/l))it is identi- 
cal to the majority of the low-carbonate mudstones that generally 
show little if any lamination.  Most cracks are dessication 
features, the fresh sample showed no parting or fissility.  This 
sample contains 0.5 percent carbonate.  Each small division on the 
scale is 1 mm. 
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APPENDIX 8 (cont. ) 
Plate h^:     Closeup photograph of Sample 68-22-2.  This low- 
farhnnnte sample consists KJX   odud- Lu granule-sizea muastone 
clasts along with quartz-feldspar sand which is all fairly well- 
cemented by a clay matrix.  This is one of the very few samples 
of sand-rich sediments that was not cemented by calcium carbonate. 
The rock is porous, but tightly packed and grain support is evenly 
divided between grain-to-grain contacts and matrix support.  This 
sample contains h  percent carbonate.  Each division on the scale 
is 5 mm. 
Plate J46:  Photomicrograph of Sample 68-22-2 under crossed 
nichols at h^X  magnification.  Compare this plate to Plate li+ 
which shows a carbonate-cemented sand-rich sample also under 
crossed nichols.  While the carbonate cement is bright, the clayey 
matrix seen here is extinct under crossed polarized light. 
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APPENDIX 8 (cont. ) 
Plate h'J.     Photograph of Cample 90-32-2.  This large slab of dense, 
Hiinlu  l.,i»,'nnfnJ  ~. - J '  ■ ■ u gj-"u.,y y, Ivj i   duloml ue-cemencea clayey siltstone 
is one of the largest pieces recovered.  The angular unweathered 
end seen here at the left indicates that this piece was broken off 
of a larger piece or possibly even a bed of carbonate-cemented sedi- 
ment.  The slab's surface is striated and coated with black (Nl) 
oxide coatings.  This sample contains 66   percent carbonate. 
Plate U8:  Photograph of Sample 90-32-2.  This slab of dolomite- 
cemented clayey siltstone is almost a duplicate of that seen above 
in Plate h'J.     In addition to striations running the length of the 
slab, one can see a worm-burrow nearly centered in the view.  All 
edges on this sample showed at least some degree of weathering, 
suggesting that it had broken off a larger piece some time before 
being collected.  This sample contains 67 percent carbonate. 
183 
' II. 
35" c/. 
PLATE   47 
■ 10cm 
Be 
70-9J-C 
'  '  i  i  i  i  i  i  i  i IS-                 "<•                as <- x>,~ , 1 111
....,, 
PLATE   48 
184 
APPENDIX 8 (cont.) 
Plate kg-.     Photograph of Sample 90-28-5.  This well-rounded lobate 
tuuuic L-uubiaLa of dense olive gray (5Y 4/1)   magnesian calcite- 
ceraented glauconite-rich silty sand.  There is a well-developed 
weathering crust on all surfaces.  The glauconite occurs as fine 
to coarse sand-sized pellets which are cement/matrix supported. 
The lack of any angular unweathered surfaces on this cobble indi- 
cates that it was not broken from any larger deposit during 
dredging, and the present shape and size may be the original form 
caused by cementation.  This sample contains ^7 percent carbonate. 
Plate 50:  Close-up photograph of Sample 79-1^-3.  One can clearly 
see the well-developed weathering crust on this freshly broken 
edge.  In fact, the irregularly anastomatosing shape seen in the 
background is probably an effect of weathering as all surfaces 
are smooth and leached of cement to some degree.  The rock core 
is dense, dark greenish gray (5G U/l) magnesian calcite-cemented 
sandy mudstone where the sand-sized grains are dominantly mudstone 
clasts.  The core of this sample contains 59 percent carbonate 
while the crust contains only 32 percent carbonate.  Each small 
division on the scale is 1 mm. 
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APPENDIX 8 (cont. ) 
Plate 51:  Photograph of Sample 90-28-1.  The wet slabbed surface 
shows the dominance of sand-sized glauconite pellets in this 
subangular to subrounded cobble.  Magnesian calcite cements the 
silty sand and can be seen as a fracture filling in the center of 
the slabbed face.  The glauconite in this and other samples is 
probably detrital, having been brought to the place of cementation 
by turbidity current transport.  This sample contains 51 percent 
carbonate.  Each small division on the scale is 1 mm. 
Plate 52•     Close-up photograph of Sample 90-28-1.  This freshly 
fractured surface shows the encasement of glauconite pellets by 
the magnesian calcite cement.  Despite the high volume percent of 
glauconite in this rock, the pellets are mostly cement/matrix 
supported.  This sample contains 51 percent carbonate.  The 
numbered divisions on the scale are 1 cm intervals. 
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APPENDIX 8 (cont.) 
Plate 53:  Photograph of Sample 79-33-7-  This cobble of dense 
maenesian calcite-cemented sandv siltstone display?; ^pvpi-ai 
notable features.  The line of black inclusions in the lower 
center of the slabbed face are carbonized wood or other plant 
fiber.  The sand immediately surrounding them is poorly-cemented 
in contrast to the well-cemented character of most of the rock. 
The calcite-lined vug at center right (arrow) is shown close-up 
in Plate 5-  That end of the rock is shot through with calcite- 
filled or -lined fractures and the juxtaposition of differently 
textured sediment may be the result of precementation small scale 
diapirism.  Despite the angularity of the cobble, most surfaces 
are smooth and weathered.  This sample contains hk  percent 
carbonate. 
Plate ^h:     Close-up photograph of Sample 63-9-2, showing numerous 
calcite-filled fractures and texturally patchy appearance of the 
slabbed face, a common feature  in these high-carbonate samples. 
The numbered divisions on the scale are in centimeters.  This 
sample contains 62 percent carbonate. 
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APPENDIX 8 (cont.) 
Plate 55-'  Photograph of Sample 90-32-5-  This thinly laminated 
r-nhhlp nf r>nicitc cemented slitoLwiie ahuwb a iui uf eviaence that 
the sediment was deformed prior to or during carbonate cementation. 
Folded and faulted laminations and rotation of an included angular 
clast (not visible on this surface) attest to some degree of 
directed stress being applied while the sediment was still plastic 
material.  The hard, dense cobble seen now is 68 percent carbonate, 
suggesting very high porosities for silt-rich sediment that acted 
as host to the cement.  The lighter colored wavy, offset laminae 
are particularly carbonate-rich zones.  This sample contains 68 
percent carbonate.  Each small division on the scale is 1 mm. 
Plate 56:  Close-up photograph of offset carbonate-rich laminae 
in Sample 90-32-5.  The lighter colored carbonate-rich laminae 
appear to be syn- or post-deformational in origin as the cement 
has permeated gash-like tension zones to a greater degree than the 
bulk of the framework sediments.  This sample contains 68 percent 
carbonate.  Each division on the scale is 5 mm. 
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APPENDIX 8 (cont.) 
Plate 57:  Photograph of Sample 90-7-^-  This is a dolomite- 
cemented silty sandstone that has planar lamination in the lower 
half and cross-lamination in the upper half of this section.  The 
framework grains are self-supporting indicating some degree of 
packing prior to cementation.  The resulting loss of porosity 
probably accounts for the comparatively low carbonate content 
(30 percent).  The remarkably flat basal (?) surface is seen in 
only two other samples, both in this dredge haul.  One of these 
flattened edges has a flute cast structure on it, suggesting 
turbidity current origin.  Each small division on the scale is 
1 mm. 
Plate 58:  Photograph of Sample 70-33-3.  A small cobble of fairly 
well-sorted (standard deviation = 0.90) magnesian calcite-cemented 
siltstone.  Faint convolute lamination is visible.  The framework 
grains are self-supporting (grain-to-grain contacts) and the rock 
is relatively low in carbonate (31 percent).  Each small division 
on the scale is 1 mm. 
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APPENDIX 8 (cont. ) 
Plate 59'-     Photograph of Sample 79-27-3.  Dense, hard elongate 
cobble of dark greenish gray (5GY i+/l) ealeite-cemented siltstone. 
Smooth surfaces are well-weathered as seen here while a fractured 
edge (left side) shows no sign of weathering.  This sample contains 
65 percent carbonate and the framework silt grains are fine-grained 
enough to give this slabbed surface an almost pure crystalline 
appearance as if metamorphosed.  The fracture at the left is 
partially filled with calcite.  Patterned dots on the surface are 
fingerprints.  Each small division on the scale is 1 mm. 
Plate 60:  Photograph of Sample 79-3^-l6.  This dense platy 
cobble of magnesian calcite-cemented mudstone is well-weathered 
and extensively worm-burrowed.  Surfaces are rough as the leached 
crust crumbles away.  The fracture at the center is partially 
calcite-filled.  This sample contains 62 percent carbonate.  Each 
small division on the scale is 1 mm. 
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